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OFFICEKS 

OF   THB 

AMERICAN  SOCIETY  OF  MECHANICAL 

ENGINEERS, 

1900-1901, 

FORMING  THE  STATUTORr  COUNCIL. 


PRESIDENT. 
Samuel  T.  Wbllman Cleveland,  Ohio. 

VICE-PRESIDENTS. 

Jesse  M.  Smith New  York,  N.  Y. 

Stetenson  Taylor Hobo^en,  N.  J. 

David  Townsend Philadelphia,  Pa. 

Terms  expire  at  Annual  Meeting  of  1001. 

Arthur  M.  Waitt New  York,  N.  Y. 

James  M.  Dodge Philadelphia,  Pa. 

Ambrose  Swasey Cleveland,  Ohio. 

Terms  expire  at  Annual  Meeting  of  1902. 

MANAGERS. 

Edgar  C.  Felton Philadelphia,  Pa. 

A.  M.  Qoodale Boston,  Mass. 

R.  H.  Soule New  York,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1901. 

Francis  H.  Boyer Somerville,  Mass. 

John  A.  Brashear Allegheny,  Pa. 

Alfred  H.  Raynal Washington,  D.  C. 

Terms  expire  at  Annual  Meeting  of  1902. 

\V.  F.  M.  Goss Lafayette,  Ind. 

De  Courcy  May Camden,  N.  J . 

D.  S.  Jacobus Hoboken,  N.  J. 

Terms  expire  at  Annual  Meeting  of  1903. 

TREASURER. 
\Vm.  H.  Wiley No.  43-45  East  19th  St.,  New  York,  N.  Y. 

SECRETARY. 
Pbof.  F.  R.  Hutton No.  12  West  31st  St.,  New  York,  N.  Y. 


164431 


HONORARY  COUNCILLORS. 

Past  Presidents  of  the  Society. 

R.  H.  Thurston 1880—1882 Ithaca,  N.  T. 

B.  D.  LBA.VITT 1882—1883 Cambridgeport,  Mass. 

John  E.  Swset 1883—1884 Syracuse,  N.  T. 

Coleman  Sellers 1885—1886 Philadelphia,  Pa 

HoRACfB  See 1887—1888 New  York  City. 

Henry  R.  Townb 1888—1889 Stamford,  Conn. 

Oberlin  Smith 1889—1890 Bridgeton,  N.  J. 

Robert  W.  Hunt 1890—1891 Chicago,  111. 

Charles  H.  Lorino 1891—1892 Brooklyn,  N.  T. 

Charles  E.  Billings* 1895 Hartford,  Conn. 

John  Fritz 1895—1896 Bethlehem,  Pa. 

Worcester  R.  Warner 1896—1897 Cleveland,  Ohio. 

Charles  Wallace  Hunt 1897—1898 New  York  City. 

George  W.  Melville 1898—1899 Washington,  D.  C. 

Charles  H.  Morgan 1899—1900 Worcester,  Mass. 

[Nora.— The  fonner  Presidents  of  the  Society  «re  members  of  the  Council  for  life  or  daring 
their  retention  of  active  membership  in  the  Society.] 

^Uneipired  term  of  E.  F.  C.  Davis. 


NOTE. 

The  considerable  bulk  of  the  annual  volame  of  Transactions  has  indaoed  the 
Publication  Committee  to  direct  the  insertion  of  a  sammarj  of  the  Society  mem- 
bership in  place  of  the  complete  list  of  members  which  was  published  in  earlier 
volumes.  The  summary  attaching  to  this  issue  is  that  which  appears  in  the 
catalogue  of  the  Society  issued  with  corrections  to  July,  1001.  Reference  for  the 
complete  list  should  be  made  to  the  twenty-third  catalogue  issued  on  that  date. 
The  summary  is  as  follows  : 


FOBBION  COUNTBIES. 


Membership. 

Africa  (East) 1 

'*       (South) 7 

Australia 3 

(South) 1 

(West) 1 

Belgium 8 

Canada 16 

Central  America 1 

China 8 

Cuba 4 

Frunce 11 

Germany 10 

Total  foreign  membership. 


Great  Britain  (England). . . 
♦♦      (Scotland)... 

Holland 

India 

Italy 

Japan 

Mexico 

Norway    

Russia 

South  America 

Sweden 

Switzerland .* 


Membenh^ 
40 
4 
2 


1 
1 
6 
8 
2 
6 
6 
6 
1 


,188 


United  States* 


Membership. 

Alabama 4 

Arkansas 3 

California 26 

Colorado 24 

Connecticut 104 

I  )ela  ware 10 

District  of  Columbia 26 

Florida 1 

Georgia 6 

Illinois 1:^6 

Indiana 31 

Iowa 5 

Kansas 4 

Kentucky 4 

Louisiana 8 

Maine         .    11 

Maryland 32 

Massachusetts 202 

Michigan 53 

Minnesota 9 

Mississippi 2 


Membership. 

Missouri 31 

Montana    10 

Nebraska 2 

New  Hampshire 14 

New  Jersey 120 

New  Yorli 607 

North  Carolina 2 

Ohio    160 

Oregon 2 

Pennsylvania 325 

Porto  Rico 2 

Rhode  Island 42 

South  Carolina 4 

Tennessee 2 

Texas 8 

Utah 2 

Vermont 7 

Virginia 25 

Washington 4 

West  Virginia 5 

Wisconsin 43 


Total  membership  in  the  United  States 2.113 


VI  TERRITORIAL  LIST. 


GEOGRAPHICAL    SUMMARY. 


Total  foreign  membership 138 

Total  membership  in  United  States 2,113 

Present  address  unknown  * 3 

Total  membership 2,254 


SUMMARY  OF  MEMBERSHIP  BY  GRADES. 

Honorarj  members 19 

Members 1,678 

ARSociates 151 

Junior  members 506 


Total  membersbip 2,254 

•  Those  are  John  Brcckenridge  Fleming.  Arthnr  Gibson,  and  J.  H.  Pendleton,  and  if  any 
member  knows  their  present  addresses,  he  will  confer  a  favor  by  advising  the  Secretary  of  them. 


RULES  OP  THE  AMEKICAN  SOCIETY  OF 
MECHANICAL  ENGINEERS. 


Art.  1.  The  objects  of  the  Auebioad  Sooiktt  op  Mbohanioal 
Enoinbers  are  to  promote  the  Arts  and  Sciences  connected  with 
Eogineering  and  Mechanical  Construction,  by  means  of  meetings 
for  social  intercourse  and  the  reading  and  discussion  of  profes- 
sional papers,  and  to  circulate,  by  means  of  publication  among 
its  members,  the  information  thus  obtained. 

Art.  2.  All  persons  connected  with  engineering  may  be  eli- 
gible for  admission  into  the  Society. 

Akt,  3.  The  Society  shall  consist  of  Honorary  Members, 
Members,  Associates,  and  Juniors. 

Art.  4,  Honorary  Members,  not  exceeding  twenty-five  in 
number,  may  be  elected.  They  must  be  persons  of  acknowledged 
professional  eminence. 

Art.  5.  To  be  eligible  as  a  Member,  the  candidate  must  bo 
not  less  than  thirty  years  of  age,  and  must  liave  been  so  con- 
nected with  engineering  as  to  be  competent  as  a  designer  or  as  a 
constructor,  or  to  take  responsible  charge  of  work  in  his  depart- 
ment, or  he  must  have  served  as  a  teacher  of  engineering  for 
more  than  five  years. 

SoTB— Tbo  Ruleti  of  Ibo  Socifly,  adopted  in  1880,  wpre  in  fnrcc  until  1684, 
wli*n  tbey  received  general  reviaion  liy  a  careful  commillec,  wlioso  rt^port,  dls- 
liibntpd  by  lellpr  ballot,  was  ndopteil  November  .'i,  1884.  In  Di'CPmbor,  1884, 
a  similar  extensive  revisioD  was  made  under  direction  of  the  Council,  and  tlio 
present  rnles  are  those  of  IBS4.  Tbey  include  the  Bmondmenta  mado  in  1889, 
1881,  1893,  and  1808,  which  were  the  only  changes  since  the  revision  of  1HJ4. 


Vlll  RULES  OF  THE 

Abt.  6.  To  be  eligible  as  an  Associate  the  candidate  mnst  be 
not  less  than  twenty-six  years  of  age,  and  must  have  the  other 
qaalifications  of  a  member ;  or  he  shall  have  been  so  connected 
with  engineering  as  to  be  competent  to  take  charge  of  work,  and 
to  cooperate  with  engineers. 

Art.  7.  To  be  eligible  as  es  Junior,  the  candidate  must  have 
had  such  engineering  experience  as  will  enable  him  to  fill  a 
responsible  position,  or  he  must  be  a  graduate  of  an  engineering 
school. 

Art.  8.  All  Honorary  Members,  Members,  and  Associates 
shall  be  equally  entitled  to  the  privileges  of  membership.  Jun- 
iors shall  not  be  entitled  to  vote,  nor  to  be  officers  of  the 
Society. 

Art.  9.  Nominees  for  Honorary  Membership  must  be  pro- 
posed by  at  least  five  Members  who  are  not  officers  of  the 
Society.  References  shall  not  be  required  of  a  nominee  for 
Honorary  Membership,  but  the  grounds  upon  which  the  appli- 
cation is  made  must  be  fully  set  forth  in  writing  and  signed  by 
the  proposers. 

Art.  10.  A  candidate  for  admission  to  the  Society,  as  a 
Member  or  as  an  Associate,  must  make  an  application  on  a  form 
to  be  prepared  by  the  Council,  'which  shall  contain  a  written 
statement  giving  a  complete  account  of  his  engineering  experience 
and  an  agreement  that  he  will,  if  elected,  conform  to  the  laws, 
rules,  and  requirements  of  the  Society.  He  must  refer  to  at 
least  five  Members  or  Associates  to  whom  he  is  personally 
known.  A  candidate  for  admission  to  the  Society  as  a  Junior 
must  make  an  application  on  the  same  form,  and  refer  to  not 
less  than  three  Members  or  Associates  to  whom  he  is  personally 
known. 

Applications  for  membership  from  engineers  who  are  not 
resident  in  the  United  States  and  Canada,  and  who  may  be  so 
situated  as  not  to  be  personally  known  to  five  Members  of  the 
Society,  as  required  in  the  foregoing  paragraph,  may  be  recom- 
mended for  ballot  by  five  Members  of  the  Council,  after  sufficient 
evidence  has  been  secured  which  shall  show  that  in  their  opinion 
the  applicant  is  worthy  of  admission  to  the  grade  which  he 
seeiiLS. 

Art.  11.  The  referees  for  each  candidate  for  admission  to  the 
Society  shall  be  requested  to  make  a  confidential  communication 
on  a  form  to  be  prepared  by  the  Council,  setting  forth  in  detail 
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such  information,  personally  known  by  the  referee,  as  shall  en- 
able the  Council  to  arrive  at  a  proper  estimate  of  the  eligibility 
of  the  candidate  for  admission  to  the  Society.  Such  confidential 
communications  shall  be  destroyed  by  the  Secretary  as  soon  as 
the  vote  has  been  officially  declared. 

Abt.  12.  All  applications  for  membership  must  be  presented 
to  the  Council,  and  this  body  shall  consider  each  application, 
assigning  to  each,  with  the  applicant's  consent,  the  grade  in 
the  Society  to  which,  in  its  opinion,  his  qualifications  entitle  him. 
The  names  of  those  candidates  recommended  for  election  by  the 
Society  shall  be  immediately  printed  on  a  ballot,  and  the  baUot 
mailed  at  once  by  the  Secretary  to  each  voting  member  of  the 
Society.  Persons  desiring  to  change  their  grade  of  membership 
from  junior  to  associate  or  from  associate  to  member  shall  make 
an  application  in  the  same  manner  and  on  the  same  form  as  that 
required  for  a  new  applicant. 

Art.  13.  A  member  entitled  to  vote  may  leave  the  name  of 
anv  candidate  on  the  ballot  untouched  to  vote  in  favor  of  the 
admission  of  the  candidate  to  the  Society,  or  he  may  erase  the 
name  to  vote  against  it.  He  shall  enclose  the  ballot  so  approved 
by  him  in  a  sealed  blank  envelope,  and  enclose  this  envelope  in  a 
second  envelope,  on  which  ho  shall  write  his  name,  and  mail  the 
same  to  the  Secretary  of  the  Society.  A  ballot  without  such 
endorsement  shall  be  rejected  as  defective.  The  rejection  of  a 
candidate  by  seven  voters  shall  defeat  his  election. 

Akt.  14.  The  aforesaid  envelopes  containing  the  ballots  shall 
be  opened  by  the  Council,  at  any  meeting  thereof,  and  the  names 
of  those  elected  shall  be  announced  in  the  next  meeting  of  the 
Society.  The  names  of  applicants  not  elected  shall  not  be  an- 
nounced, nor  recorded  in  the  proceedings. 

Akt.  15.  Endorsers  of  any  applicant  not  elected  may,  within 
three  months  after  such  failure  to  be  elected,  lay  before  the 
Council  written  evidence  that  an  error  was  then  made.  The 
Council  may  then,  by  a  three-fourths  vote,  order  another  similar 
ballot  by  the  Society,  in  which  case  thirteen  negative  votes  shall 
be  required  to  defeat  the  candidate. 

Akt.  16.  Honorary  members  shall  be  elected  by  the  unanimous 
vote  of  the  Council,  through  a  letter  ballot,  not  less  than  sixty 
days  subsequent  to  the  proposal,  a  notice  of  which  proposed  elec- 
tion shall  have  been  mailed  at  once  by  the  Secretary  to  each 
member  of  the  Council. 


X  RULES  OF  THE 

Abt.  17.  Each  person  elected,  excepting  honorary  members, 
must  subscribe  to  the  Eules  of  the  Society,  and  pay  the  initiation 
fee  before  he  can  receive  a  certificate  entitling  him  to  the  rights 
and  privileges  of  the  Society,  and  to  wear  the  emblem  appropriate 
to  his  grade.  If  this  payment  is  not  made  within  six  months  of 
the  election,  the  same  shall  be  void,  unless  the  time  is  extended  by 
the  Council.  The  emblems  of  each  grade  of  membership  shall  be 
worn  by  those  only  who  belong  to  that  grade. 

Abt.  18.  The  initiation  fee  of  a  member  or  an  associate  shall 
be  twenty-five  dollars,  and  the  annual  dues  shall  be  fifteen  dol- 
lars, payable  in  advance.  The  initiation  fee  of  a  junior  shall  be 
fifteen  dollars,  and  his  annual  dues  ten  dollars,  payable  in  ad- 
vance. A  junior  being  promoted  to  any  other  grade  of  member- 
ship shall  pay  an  additional  initiation  fee  of  ten  dollars.  Any 
member  or  associate  may  become  a  Life  Member  in  the  same 
grade,  by  the  payment  of  two  hundred  dollars  at  one  time,  and 
shall  not  be  liable  thereafter  to  annual  dues. 

The  Council  shall  have  the  power,  for  special  reasons,  by  unani- 
mous vote,  through  a  letter  ballot,  to  admit  to  life  membership, 
without  the  payment  of  the  sum  above  named,  such  person  as  for 
a  long  term  of  years  has  been  a  member  or  an  associate,  when 
such  a  procedure  would  in  its  judgment  be  for  the  best  interests 
of  the  Society ;  provided^  that  notice  of  such  action  shall  have 
been  given  at  a  previous  meeting  of  the  Council. 

Abt.  19.  Any  member  of  the  Society  in  arrears  may,  at  the 
discretion  of  the  Council,  be  deprived  of  the  publications  of  the 
Society,  or,  when  in  arrears  for  one  year,  he  may  be  stricken  from 
the  list  of  members.  Such  person  may  be  restored  to  the  privi- 
leges of  membership  by  the  Council  on  payment  of  all  arrears. 

Art.  20.  The  affairs  of  the  Society  shall  be  managed  by  a  Coun- 
cil, consisting  of  a  President,  six  Yice-Presidents,  nine  Managers, 
an4  a  Treasurer,  who  shall  also  be  the  Trustees  of  the  Society. 

All  past  (ex)  Presidents  of  the  Society,  while  they  retain  their 
membership  therein,  shall  be  known  as  Honorary  Councillors,  and 
shall  be  entitled  to  receive  notices  of  all  meetings  of  the  Council 
and  may  take  part  in  any  of  its  deliberations ;  they  shall  be  en- 
titled to  vote  upon  all  questions  except  such  as  affect  the  legal 
rights  or  obligations  of  the  Society  or  its  members. 

Art.  21.  The  members  of  the  Council  shall  be  elected  from 
among  the  members  and  associates  of  the  Society  at  the  annual 
meetings,  and  shall  hold  office  as  follows : 


\ 
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The  President  and  the  Treasurer  for  one  year ;  and  no  person 
shall  be  eligible  for  immediate  re-election  as  President  who  shall 
have  held  that  ofBoe  for  two  consecutive  years ;  the  Vice-Presi- 
dents for  two  years,  and  the  Managers  for  three  years ;  and  no 
Vice-President  or  Manager  shall  be  eligible  for  immediate  re-elec- 
tion, to  the  same  oflSce  at  the  expiration  of  the  term  for  which  he 
was  elected. 

Art.  22.  A  Secretary,  who  shall  be  a  member  of  the  Society, 
shall  be  appointed  for  one  year  by  a  majority  of  the  members  of 
the  Council  at  its  first  meeting  after  the  annual  election,  or  as 
soon  thereafter  as  the  votes  of  a  majority  of  the  members  of  the 
Council  can  be  secured  for  a  candidate.  The  Secretary  may  be 
removed  by  a  vote  of  twelve  members  of  the  Council,  at  any 
time  after  one  month's  notice  has  been  given  him  by  a  majority 
of  its  members  to  show  cause  why  he  should  not  be  removed, 
and  he  has  been  heard  to  that  effect.  The  Secretary  may  take 
part  in  any  of  the  deliberations  of  the  Council,  but  shall  not 
have  a  vote  therein.  His  salary  shall  be  fixed  for  the  time  ho 
is  appointed  by  a  majority  vote  of  the  Council. 

Art.  23.  At  each  annual  meeting,  a  President,  three  Vice- 
Presidents,  three  Managers,  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  of  each  shall  continue  until  the  end  of 
the  meeting  at  which  their  successors  are  elected. 

Art.  24.  The  duties  of  all  officers  shall  be  such  as  usually 
pertain  to  their  offices  or  may  be  delegated  to  them  by  the 
Council  or  by  the  Society.  The  Council  may,  in  its  discretion, 
require  bonds  to  be  given  by  the  Treasurer. 

Art.  25.  The  Council  may,  by  vote  of  a  majority  of  all  its 
members,  declare  the  place  of  any  officer  vacant,  on  his  failure 
for  one  year,  from  inability  or  otherwise,  to  attend  the  Council 
meetings,  or  to  perform  the  duties  of  his  office.  All  such  va- 
cancies and  those  occurring  by  death  or  resignation  shall  be 
filled  by  the  appointment  of  the  Council,  and  any  person  so 
appointed  .shall  hold  office  for  the  remainder  of  the  term  for 
which  his  predecessor  was  elected  or  appointed ;  provided^  that 
the  said  appointment  shall  not  render  him  ineligible  at  the  next 
annual  meeting. 

Art.  26.  Five  members  of  the  Council  shall  constitute  a  quo- 
rum. Members  of  the  Council  absent  from  a  meeting  may  vote  by 
letter  upon  subjects  stated  in  the  call  for  the  meeting,  said  vote 
to  be  deposited  with  the  Secretary. 
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Abt.  27.  The  President  on  assuming  office  shall  appoint  a 
Finance  Committee  and  a  Publication  Committee  and  a  Library 
Committee  of  five  members  each.  The  appointment  of  two 
members  of  each  Committee  shall  expire  at  the  end  of  each 
year.  The  Secretary  shall,  ex  officio^  be  a  member  of  all  three 
committees. 

Abt.  28.  The  Finance  Committee  shall  have  power  to  order  all 
ordinary  or  current  expenditures,  and  shall  audit  all  bills  therefor. 
No  bill  shall  be  paid  except  upon  their  audit.  "When  special  ap- 
propriations are  ordered  by  the  Society,  they  shall  not  take  effect 
until  they  have  been  referred  to  the  Council  and  Finance  Com- 
mittee in  conference. 

Art.  29.  It  shall  be  the  duty  of  the  Publication  Committee  to 
receive  all  papers  contributed,  and  to  decide  upon  which  papers 
or  parts  of  the  same  shall  be  presented  at  the  professional  meet- 
ings of  the  Society.  They  shall  see  that  all  editorial  revisions  of 
the  proceedings,  papers,  discussions,  and  reports  are  made ;  and 
to  decide  what  parts  of  the  same  shall  be  published  in  the  pro- 
ceedings of  the  Society.  The  Council  may,  at  its  discretion, 
revise  any  action  of  the  Publication  Committee. 

Art.  30.  It  shall  be  the  duty  of  the  Library  Committee  to  take 
charge  of  the  collection  of  all  material  for  the  Library  of  the 
Society,  and  to  supervise  all  regulations  for  its  use. 

Art.  31.  At  the  regular  meeting  preceding  the  annual  meet- 
ing a  Nominating  Committee  of  five  members,  not  officers  of  the 
Society,  shall  be  appointed,  and  this  committee  shall,  at  least 
thirty  days  before  the  annual  meeting,  send  to  the  Secretary  the 
names  of  nominees  for  the  offices  falling  vacant  under  the  rules. 
In  addition  to  such  regularly  appointed  committee,  any  other  five 
members  or  associates,  not  in  arrears,  may  constitute  an  inde- 
pendent Nominating  Committee,  and  may  present  to  the  Secre- 
tary, at  least  thirty  days  before  the  annual  meeting,  all  the  names 
of  such  candidates  as  they  may  select.  All  the  names  of  such 
independent  nominees  shall  be  placed  upon  the  ballot  list,  with 
nothing  to  distinguish  them  from  the  nominees  of  the  regular 
committee,  and  the  Secretary  shall  at  once  mail  the  said  list  of 
names  to  each  member  and  associate  in  the  form  of  a  letter  ballot, 
it  being  understood  that  the  assent  of  the  nominees  shall  have 
been  secured  in  all  cases. 

Art.  32.  In  the  election  of  Vice-Presidents,  each  piember  and 
associate  may  cast  as  many  votes  as  there  are  Vice-Presidents 
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to  be  elected.  He  may  give  all  these  votes  to  one  candidate,  or 
distribute  them  among  more,  as  he  chooses.  Managers  shall  be 
voted  for  in  the  same  way. 

Abt.  83.  Any  member  or  associate  entitled  to  vote  may  vote 
by  retaining  or  changing  the  names  on  said  list,  leaving  names 
not  exceeding  in  number  the  officers  to  be  elected,  and  returning 
the  list  to  the  Secretary — such  ballot  enclosed  in  two  envelopes, 
the  inner  one  to  be  blank  and  the  outer  one  to  be  endorsed  by 
the  voter.  No  member  or  associate  in  arrears  since  the  last 
annual  meeting  shall  be  allowed  to  vote  until  said  arrears  shall 
have  been  paid. 

Abt.  34.  The  said  blank  envelopes  shall  be  opened  by  tellers 
at  the  annual  meeting,  and  the  person  who  shall  have  received 
the  greatest  number  of  votes  for  the  several  offices  shall  be  de- 
clared elected. 

MEETINGS. 

Abt.  35.  The  annual  meeting  of  the  Society  shall  be  held  on 
the  first  Tuesday  in  December  of  each  year,  in  the  City  of  New 
York,  unless  otherwise  ordered,  at  which  a  report  of  proceedings 
and  an  abstract  of  the  accounts  shall  be  furnished  by  the  Coun- 
cil. The  Council  may  change  the  place  of  the  annual  meeting, 
and  shall,  in  that  case,  give  timely  notice  to  members  and  asso- 
ciates. 

Abt.  36.  Other  regular  meetings  of  the  Society  shall  be  held 
in  each  year  at  such  time  and  place  as  the  Council  may  appoint. 
At  least  thirty  days'  notice  of  all  meetings  shall  be  mailed  by  the 
Secretary  to  members,  honorary  members,  associates,  and  juniors. 

Abt.  37.  Special  meetings  may  be  called  whenever  the  Council 
may  see  fit ;  and  the  Secretary  shall  call  a  special  meeting  at  the 
written  request  of  twenty  or  more  members.  The  notices  for 
special  meetings  shall  state  the  business  to  be  transacted,  and  no 
other  shall  be  entertained. 

Abt.  38.  Any  member,  honorary  member,  or  associate,  may  in- 
troduce a  stranger  to  any  meeting ;  but  the  latter  shall  not  take 
part  in  the  proceedings  without  the  consent  of  the  meeting. 

Art.  39.  Every  question  which  shall  come  before  the  Society 
shall  be  decided,  unless  otherwise  provided  by  these  rules,  by  the 
votes  of  a  majority  of  the  members  and  associates  present,  pro- 
vided there  is  a  quorum. 
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Aet.  40.  At  any  regular  meeting  of  the  Society  thirteen  or 
more  members  and  associates  shall  constitute  a  quorum. 

Abt.  41.  Unless  otherwise  ordered,  papers  shall  be  read  in  the 
order  in  which  their  text  is  received  by  the  Secretary.  Before 
any  paper  appears  in  the  Transactions  of  the  Society,  a  copy  of 
the  paper  shall  be  sent  to  the  author,  and,  so  far  as  possible,  a 
copy  of  the  reported  discussion  shall  be  sent  to  every  member 
who  took  part  in  the  same,  with  requests  that  attention  shall  be 
called  to  any  errors  therein. 

Art.  42.  The  Society  shall  claim  no  exclusive  copyright  in 
papers  read  at  its  meetings,  nor  in  reports  of  discussions,  except 
in  the  matter  of  official  publication  with  the  Society's  imprint,  as 
its  Transactions.  The  Secretary  shall  have  sole  possession  of 
papers  between  the  time  of  their  acceptance  by  the  Publication 
Committee  and  their  reading,  together  with  the  drawings  illus- 
trating the  same ;  and  at  the  time  of  such  reading,  or  as  soon 
thereafter  as  practicable,  he  shall  cause  to  be  printed,  with  the 
authors'  consent,  copies  of  such  papers,  "  subject  to  revision,"  with 
such  illustrations  as  are  needed  for  the  Transactions^  for  distribu- 
tion to  the  members  and  for  the  use  of  technical  newspapers, 
American  and  foreign,  which  may  desire  to  reprint  them  in  whole 
or  in  part.  The  policy  of  the  Society  in  this  matter  shall  be  to 
give  papers  read  before  it  the  widest  circulation  possible,  with  the 
view  of  making  the  work  of  the  Society  known,  encouraging 
mechanical  progress,  and  extending  the  professional  reputation 
of  its  members. 

Art.  43.  The  author  of  each  paper  read  before  the  Society 
shall  be  entitled  to  twelve  copies,  if  printed,  for  his  own  use,  and 
all  members  shall  have  the  right  to  order  any  number  of  reprints 
of  papers  at  a  cost  to  cover  paper  and  printing ;  provided^  that 
said  copies  are  not  intended  for  sale. 

Art.  44.  The  Society  is  not,  as  a  body,  responsible  for  the  state- 
ments of  fact  or  opinion  advanced  in  papers  or  discussions,  at  its 
meetings ;  and  it  is  understood  that  papers  and  discussions  should 
not  include  matters  relating  to  politics  or  purely  to  trade. 

Art.  45.  These  rules  may  be  amended,  at  any  annual  meeting, 
by  a  two-thirds  vote  of  the  members  present ;  jEWoywforf,  that  writ- 
ten notice  of  the  proposed  amendment  shall  have  been  given  at  a 
previous  meeting. 
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The  twenty-first  Annual  Meeting  of  the  Society  was  also  its 
Forty-second  Convention,  and  was  held  in  New  York  City  at 
the  house  of  the  Society  and  its  Library,  between  the  dates  of 
Tuesday,  December  4th,  and  Friday,  December  7th. 

The  opening  session  on  the  evening  of  Tuesday  was  scheduled 
for  nine  o'clock,  but  members  began  to  gather  at  an  earlier  hour 
in  considerable  numbers.  The  President  for  the  year,  Mr. 
Charles  11.  Morgan,  of  Worcester,  Mass.,  called  the  meeting  to 
order  in  the  crowded  auditorium  and  announced  the  appoint- 
ment of  Messrs.  G.  W.  Weeks,  P.  M.  Chamberlain,  and  Harring- 
ton Emerson  as  a  Committee  of  Tellers,  to  open  and  count  the 
votes  cast  for  the  several  oflBces  to  be  filled  at  this  meeting  under 
the  provisions  of  Articles  31  and  34  of  the  Rules.  He  then 
proceeded  to  deliver  the  presidential  address,  to  which  he  had 
given  the  title  of  "  Some  Land  Marks  in  the  History  of  the 
Rolling  Mill,"  which  was  illustrated  with  lantern  slides  and  was 
Ustened  to  with  profound  attention. 

At  the  close  of  the  paper  and  its  illustrations,  a  light  luncheon 
was  served  in  the  room  below,  and  the  members  remained  until 
a  late  hour  for  social  reunion. 
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Second  Day.    Wednesday  Mobnino,  Decembeb  5th. 

The  secoDd  or  Business  Session  of  the  Annual  Meeting  was 
called  to  order  this  morning  at  ten  o'clock.  The  custom  of  the 
Society  which  has  prevailed  for  so  many  years  was  still  con- 
tinued, of  asking  the  members  in  attendance  to  register  their 
names  on  arrival.  At  the  time  of  such  registration  they  received 
a  convention  badge  bearing  a  number  which  was  the  same  as 
the  line  of  the  convention  register  which  bore  their  signature. 
By  combining  with  this  plan  of  numbered  badges  the  issue  at 
frequent  intervals  of  printed  copies  of  the  register,  the  mem» 
bers  in  attendance  at  the  meeting  were  advised  of  the  names  of 
members  and  could  easily  identify  those  whom  they  wished  to 
meet  by  the  number  of  the  badge,  even  if  face  or  name  might 
have  been  uncertain  to  them.  It  was  generally  observed  that 
upon  its  social  side  the  renewal  of  old  acquaintanceships  and  the 
formation  of  new  ones  began  at  once  from  the  opening  session, 
almost  as  if  intercourse  had  been  unbroken  from  the  date  of  the 
convention  a  year  ago.  The  register  showed  the  phenomenal 
and  unprecedented  total  registration  of  759,  of  which  469  were 
oflScially  enrolled  members  of  the  Society.  The  balauce  in 
registration  was  made  up  of  ladies  and  other  guests  in  attendance 
during  the  meeting.  The  following  list  contains  the  names  of 
members  only : 
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The  first  order  of  business  was  the  Keport  from  the  Coun- 
cil to  the  general  Society.  It  was  read  by  the  Secretary,  as 
follows : 


ANNUAL  REPORT  OF  THE   COUNCH.,   FISCAL  YEAR,   1899-1900. 

The  Council  would  present  to  the  Society,  convened  for  its 
twenty-first  annual  meeting,  the  report  of  business  which  has 
been  before  it  for  consideration  during  the  Society  year  which 
is  just  closing. 

The  Council  has  held  five  meetings  during  the  year. 

Under  the  head  of  business  referred  to  the  Council  by  the 
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conventions  has  been  the  question  of  the  appointment  of  a 
committee  to  investigate  and  report  upon  the  proper  way  to 
consider  the  subject  of  the  fair  valuation  of  a  water-power 
privilege.  As  the  matter  lay  before  the  mind  of  the  Council,  it 
was  its  opinion  that  it  was  so  difficult  to  separate  the  com- 
mercial and  the  legal  questions  attaching  to  this  problem  from 
those  which  were  properly  professional,  that  it  could  not  be 
considered  as  one  which  should  come  conveniently  under  the 
purview  of  the  Society,  and  that  with  the  information  at  its  hand 
it  did  not  seem  expedient  to  appoint  the  committee  which  was 
provided  for  in  the  resolution  of  the  Society. 

Invitations  from  important  cities  presented  to  the  Society 
that  it  should  designate  the  place  for  its  approaching  meetings 
have  been  carefully  considered,  but  no  definite  action  has  been 
taken  at  the  date  of  the  preparation  of  this  report.  A  proposi- 
tion has  been  made  that  the  Society  should  hold  its  spring 
meeting  of  1901,  at  some  convenient  date,  in  the  city  of  Buffalo, 
so  as  to  be  in  attendance  at  the  same  time  at  the  Pan-American 
Exposition,  to  be  held  in  that  city,  beginning  May  1st. 

The  Council  has  considered  very  carefully  the  question  as  to 
the  wisdom  of  enlarging  the  Society  accommodations  at  its 
present  site.  It  has  been  the  sense  of  the  Council  that  for  the 
present,  at  least,  it  was  not  desirable  to  take  action  along  these 
lines.  The  Council  has,  therefore,  taken  active  steps  to  provide 
a  more  satisfactory  arrangement  for  ventilating  the  Society's 
auditorium,  and  for  the  heating  of  the  house  as  a  whole,  than 
was  possible  with  the  hot-air  furnaces  and  the  natural-draft 
system,  upon  which  dependence  has  hitherto  been  laid.  A 
committee  of  the  Council  was  appointed  to  consider  this  subject 
and  obtain  estimates  and  report.  As  the  result  of  the  work  of 
this  committee,  a  forced-draft  system,  with  electric  fan  and  heat- 
ing coils,  has  been  installed  during  the  summer,  and  will  be  in 
active  service  during  the  convention  and  at  other  times.  The 
contractors  for  this  work  were  Messrs.  Baker,  Smith  &  Co.,  of 
New  York  City.  Attention  of  the  members  is  invited  to  the 
mechanical  details  of  the  plant  and  its  operation. 

Early  in  the  winter  succeeding  the  last  annual  meeting,  steps 
were  taken  to  ascertain  whether  a  sufficient  number  of  members 
of  the  Society  could  be  gotten  together  at  one  time,  with  the 
purpose  of  visiting  England  and  France  in  a  body,  to  make  it 
possible  to  secure  a  steamer  for  the  use  of  the  Society,  to  the 
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exclusion  of  other  passengers.  It  will  be  remembered  that  this 
was  a  feature  of  the  party  which  visited  England  during  the 
period  of  the  Paris  Exposition  of  1889,  and  the  plan  had  much 
to  commend  it  at  that  time.  The  result  of  persistent  inquiry 
brought  out  the  fact  that  no  party  of  a  size  sufficient  to  warrant 
the  exclusive  use  of  a  transatlantic  steamer  could  be  gotten 
together  for  any  one  date  of  sailing.  It  was  thereupon  left  for 
each  person  proposing  to  make  the  European  trip  to  arrange 
for  his  own  details  of  transportation,  and  the  Council  and  the 
Society  satisfied  itself  in  appointing  an  Executive  Committee 
from  among  those  who  were  to  constitute  that  European  party, 
who  should  attend  to  the  details  and  necessary  organization 
incident  to  courtesies  arranged  for  the  American  enp;ineers  by 
the  sister  societies  of  Great  Britain.  This  Executive  Committee 
consisted  of  Messrs.  Charles  H.  Morgan,  chairman ;  H.  H.  Suplee 
acting  as  secretary  of  the  committee,  with  whom  were  as- 
sociated Messrs.  William  H.  Wiley,  Jesse  M.  Smith,  members 
of  the  Council,  and  Mr.  James  Dredge,  of  London,  honorary 
member  of  the  Society.  The  committee,  by  the  courtesies  of  the 
"Engineering  Magazine  " — extended  through  Mr.  John  R.  Dun- 
lap,  its  proprietor — were  permitted  to  make  use  of  the  London 
offices  of  that  journal  as  a  central  office  for  the  transatlantic 
party,  and  all  the  courtesies  which  were  extended  to  the  Ameri- 
can engineers  passed  through  the  channel  of  the  London  office 
of  the  committee.  This  arrangement  was  most  satisfactory  and 
convenient,  and  the  Council  has  extended  a  proper  vote  of 
thanks  to  Mr.  Dunlap  for  the  courtesies  which  the  members 
individually,  and  the  Society  as  a  body,  enjoyed  at  his  hands. 

The  Executive  Committee  will  make  a  report  of  the  incidents 
of  the  British,  French,  and  German  visits,  as  a  feature  of  the 
business  of  the  annual  meeting,  which  will  follow  the  report  of 
the  Council,  as  an  appendix  thereto.  The  Council  would  report 
that,  by  reason  of  the  courtesies  which  have  been  enjoyed  by  the 
Society  and  its  members  at  the  hands  of  the  three  great  engineer- 
ing societies — the  Institution  of  Mechanical  Engineers  of  Great 
Britain,  the  Institution  of  Civil  Engineers  of  Great  Britain,  and 
the  Society  of  Civil  Engineers  of  France — the  presidents  of  those 
societies,  in  office  during  the  summer  of  1900,  have  been  duly 
proposed  for  honorary  membership  in  the  American  Society  of 
Mechanical  Engineers,  and  their  election  to  this  honor  is  hereby 
made  public.   Mr.  John  Fritz  has  been  duly  proposed  and  elected 
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for  honorary  membership  in  the  Society,  in  accordance  with  its 
rules. 

Mr.  Gus  C.  Henning  was  authorized  in  the  Spring  to 
attend  a  council  meeting  of  the  International  Association  for 
Testing  Materials,  held  in  Zurich,  Switzerland,  and  an  appro- 
priation was  made  to  cover  in  part  the  expenses  of  his 
journey. 

The  Council  has  been  requested  by  the  management  of  the 
proposed  Engineering  Congress,  to  be  held  in  August,  1901,  in 
the  city  of  Glasgow,  Scotland,  to  appoint  representatives  upon 
a  general  committee,  which  should  include  both  Americans  and 
other  engineers.  This  Society  was  requested  to  be  the  channel 
for  communicating  this  desire  to  the  other  American  societies. 
By  direction  of  the  Council,  twelve  representative  engineers  have 
been  nominated,  and  our  delegates  are  Messrs.  S.  T.  Wellman^ 
C.  H.  Morgan,  George  W.  Melville,  Sir  Benj.  Baker,  James 
Dredge,  W.  C.  Unwin,  H.  F.  Parshall,  Philip  Dawson,  Bryan 
Donkin,  H.  F.  L.  Orcutt,  O.  H.  Baldwin,  and  Alex.  Sahlin. 

The  Society  has  received  from  Mr.  Gustave  Eiffel,  of  Paris,  an 
elaborate  monograph  descriptive  of  the  great  tower  of  300  metres. 
This  book  has  been  put  in  the  library,  and  proper  recognition 
has  been  sent  to  its  distinguished  author. 

The  Verein  Deutscher  Ingenieure,  through  its  secretary  and 
council,  have  requested  from  this  Society  its  cooperation  in  the 
preparation  of  a  technical  dictionary,  which  should  contain 
words  and  definitions  in  German,  English,  and  French.  The 
Council  directed  that,  in  response  to  this  invitation,  the  coopera- 
tion of  the  Society  would  be  given  to  the  extent  of  placing  the 
editor  in  communication  with  specialists,  members  of  the  Society^ 
in  various  lines,  who  may  be  able  to  assist  in  the  desired  work^ 
provided  that  this  Society  be  not  involved  in  any  expense  other 
than  that  included  in  the  necessary  correspondence. 

The  Society  has  been  requested  to  cooperate  with  certain 
other  national  bodies,  to  secure  the  establishment  of  a  National 
Standards  Bureau,  in  connection  with  the  United  States  Office  of 
Standard  Weights  and  Measures,  which  should  be  made  a  cen- 
tral point  for  the  calibration  and  standardization  of  scientific 
and  engineering  apparatus.  The  Council  has  accepted  this  in- 
vitation by  appointing  Mr.  Jesse  M.  Smith  the  chairman  of 
such  a  committee,  but  has  not  completed  the  full  appointment 
at  the  date  of  the  preparation  of  this  report. 
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The  increasing  use  by  tlie  members  of  the  Society  of  the 
facilities  of  the  Society  house  has  made  it  necessary  to  intro- 
duce into  the  management  of  its  affairs  a  little  more  formality 
and  system  than  has  hitherto  prevailed.  The  committee  known 
as  the  Library  and  House  Committee  has  been  instructed  to 
prepare  and  enforce  certain  house  rules,  which  are  to  go  into 
action  on  December  1,  1900,  and  which  will  be  made  public 
through  the  channels  of  the  Society  circulars. 

It  has  been  the  sense  of  the  Council  that  it  would  be  desir- 
able to  discontinue  the  Society's  Committee  on  Standard 
Methods  of  Tests  and  Testing  Materials,  for  the  present,  at 
least.  This  proposition  having  been  concurred  in  by  certain 
members  of  the  committee  who  have  been  most  active  in  the 
work  which  the  committee  has  done^  the  Council  has  directed 
that  this  step  be  taken  and  the  committee  be  discharged  with 
the  thanks  of  the  Council  for  its  labors  in  the  previous  years  in 
which  the  committee  has  been  in  existence. 

The  Council  would  call  the  attention  of  the  members  to  cer- 
tain statements  in  the  report  of  its  Finance  Committee,  which 
announces  to  the  membership  that,  by  virtue  of  the  prosperity 
of  the  Society  during  the  ten  years  between  May,  1890,  and  July 
1,  1900,  it  has  become  possible  to  pay  off  and  cancel  the  second 
mortgage  of  $32,000,  which  was  held  by  a  trust  company  as 
trustee  for  the  members  of  the  Society,  who  took  bonds  issued 
at  that  time  to  make  the  cash  payment  required  for  the  pur- 
chase of  the  Society  house.  The  redemption  of  these  bonds 
has  been  mainly  by  the  purchase  of  them,  on  behalf  of  the 
Council,  from  their  holders  among  the  membership.  On  July 
1st,  upon  the  transfer  to  the  trust  company  of  the  entire  issue 
of  bonds,  the  mortgage  was  cancelled  and  a  satisfaction  piece 
waa.filed  and  recorded,  so  that  the  only  obligation  outstanding 
against  the  house  is  the  first  or  purchase  money  mortgage  of 
$33,000.  It  is  the  purpose  of  the  trustees  of  the  Library  As- 
sociation, who  are  the  owners  of  the  real  estate,  that,  pursuant 
to  an  arrangement  made  with  the  holder  of  that  first  mortgage, 
it  shall  be  reduced  as  the  accumulations  of  the  next  succeedincr 
years  may  make  possible. 

The  Council  would  report  for  record  in  its  Transactions  the 
following  list  of  deaths  since  the  publication  of  its  annual  report 
in  December,  1899 : 

Louis  S.  Wright,  December  29,  1899;  John  L.  Wilkinson, 
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January  16,  1900 ;  Jos.  P.  Mullen,  January  29 ;  Geo.  H.  Norman, 
February  4 ;  W.  E.  Ward,  March  2 ;  H.  Q.  Geer,  March  7 ;  A. 
C.  Band,  March  9;  W.  B.  Eoberts,  April  9;  Salvador  Potis, 
April  17;  Fred.  W.  Wood,  May  19;  J.  Q.  A.  Meyer,  July  16; 
Winthrop  Thayer,  July  18 ;  James  Hemphill,  August  7 ;  John 
F.  Allen,  October  2;  James  H.  Bowden,  November  17;  Chas. 
A.  Dixon,  December  22. 

The  Council  would  report  the  following  summary  of  the  mem- 
bership of  the  Society  at  the  annual  meeting  of  the  Society, 
December,  1900.  The  list  contains  the  names  of  those  who  have 
been  elected  preceding  this  meeting  and  excludes  those  who  by 
persistent  failure  to  pay  the  dues  of  the  Society  have  allowed 
their  membership  to  lapse. 

Honorary  Members 19 

Members 1,506 

Associates 148 

Juniors 464 

Total 2,182 

EespectfuUy  submitted. 

By  the  Council. 

The  Council  would  submit  the  Report  of  its  tellers,  as  fol- 
lows : 

REPORT    OF  TELLERS. 

The  undersigned  were  appointed  a  committee  of  the  Council 
to  act  as  tellers,  under  Article  11  of  the  Bules,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  the  candidates  proposed 
for  membership  in  their  several  grades  in  the  American  Society 
of  Mechanical  Engineers,  and  seeking  election  before  the  XLHd 
meeting.  New  York,  1900. 

They  have  met  upon  the  designated  day,  in  the  office  of  the 
Society,  and  have  proceeded  to  the  discharge  of  their  duty. 
They  would  certify,  for  formal  insertion  in  the  records  of  the 
Society,  to  the  election  of  the  following  persons,  whose  names 
appear  on  the  appended  list,  in  their  several  grades. 

There  were  496  pink  ballots  cast,  of  which  14  were  thrown 
out  because  of  informalities.  The  tellers  have  considered  a 
ballot  as  informal  which  was  not  endorsed. 

Charles  H.  Loring, 
George  Eichmond, 
h.  h.  scjplee, 
Jesse  M.  Smith, 


Tellers  of  Election. 
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Boehm,  Wm.  H. 
Braegel,  A.  T. 
Carroll.  E.  H. 
Feldman,  A.  M. 
Foote,  A.  W. 
Fox,  Chas.  fl. 
Fox.  Wm. 
Hanson.  B.  M.  W. 
Bardie.  Wm. 
Herbert,  Chas.  G. 
Jolinston.  Wm.  T. 
Kimball.  D.  S. 
Kobler,  D.  S. 
Land.  Frank. 
Lane.  Henry  M. 

AldTich,  H.  L. 
Bechtel,  Jno.  A. 
Bogardas,  Wm.  B. 


As  Members. 

Libby.  Chas.  L. 
LiUey,  G.  H. 
Love,  Wm.  S. 
McElroy,  Jas.  F. 
McLaren,  Daniel. 
Mayo,  Wm.  B. 
Moldenke,  R.  G.  G. 
Pajeken,  J.  F. 
Palmer,  A.  C.  H. 
Peabody,  E.  H. 
Pierce.  Chas.  D. 
Powell,  Jas. 
Rice,  C.  W. 
Robb,  Wm.  L. 
Robinson,  Chas.  S. 

As  Associates. 

Davis,  F.  H. 
Deeds,  Edward  A. 
Lane,  Francis  W. 


Ross,  Chas.  E. 
Rugan,  H.  F. 
Ryding,  H.  C. 
Scott,  Joseph  A. 
Snyder,  F.  T. 
Stevenson,  Wm.  A. 
Stranahan,  O.  A. 
Trube.  G.  A. 
Voorhees,  G.  T. 
Wais,  Chris. 
Wille.  H.  V. 
Weed.  E.  E. 
Yont,  Clias.  A. 
Young,  Walter  D. 


Wheildon,  W.  M. 
Wieselgreen,  C.  E. 
Williams,  A.  F. 


Corey,  Fred.  B. 
Patitz,  J.  F.  M. 

Abell,  H.  C. 
Alford,  L.  P. 
Barnard,  W.  N. 
Brown,  Jas.  M. 
Brown,  J.  R. 
Capron,  S.  A. 
Claroge,  E.  D. 
Cluett,  A.  E. 
Fitch,  W.  V. 
Gibson,  G.  H. 
Gould,  N.  J. 
Gunther,  C.  O. 
Hamilton,  A.  K. 
Harrington,  H  G. 

At  the  close  of 
btisiness  was  the 
as  follows : 


Promotion  to  Full  Membership. 

Peek,  Geo.  M.  Watson,  Henry  D. 

Read,  C.  A. 


As  Juniors. 

Hay  ward,  H.  S..  Jr. 
Hiles,  E.  K. 
HilJ.  Ebenezer,  Jr. 
Hutchinson,  Geo.  A. 
Jamison,  A.  P. 
Kelsey,  Walter 
Melville.  L.  B. 
Miller.  J.  S.  K. 
Miner,  M.  H. 
Moore,  S.  H. 
Morrison,  Wm. 
Nicklin.  E.  W. 
Perkins,  Geo.  H.,  Jr. 
Roe,  M.  W. 


Rowe,  C.  W. 
Raymond,  Ralph. 
Schaeffler,  J.  C. 
Sumner,  H.  W. 
Turner,  Wm.  Payson. 
Van  Dervort,  A.  O. 
Van  Zandt.  Paul  C. 
White,  Jas.  Alfred 
Whitted,  Thos.  B. 
Woodard,  L.  A. 
Woodwell,  J.  E. 
Young,  E.  R.  D. 
Young,  Jno.  T. 


the  Report  of  the  Council,  the  second  order  of 
Report  of  the  Finance  Committee,  which  was 


ANNUAL    BEPORT    OP    THE    FINANCE    COMMnTEE    OP    THE    AMERICAN 
SOCIETY  OP  MECHANICAL  ENGINEERS,   1899-1900. 

For  the  fiscal  year  1899-1900  the  Finance  Committee  of  the 
American  Society  of  Mechanical  Engineers  would  respectfully 
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report  to  the  Council  and  the  Society  the  following  statements 
of  receipts  and  expenditures  which  have  passed  under  its  direc- 
tion on  behalf  of  the  Society  during  the  year  beginning  Novem- 
ber 15,  1899,  and  ending  November  12,  1900. 

Secretary's  Balance  sheet  for  the  fiscal  year  ending  November  12,  1900 : 

Dr.  I  Cr. 

To  Receipts  for  the  Year |42,452  78  |  By  Cash  to  Treasurer $42,452  78 

Itemized  statement  of  receipts  and  expenditures  of  the  Society  for  the  fiscal 
vear  1899-1900 : 


lleeeipta. 
Dr. 

Initiation  Fees..   

I  Current..  125,172  23) 
Dues -^  Past 1,473  65^ 

(Advance.        242  19) 

Sales  of  Publications 

Binding 

Engraving    

Life  Membership  (cash) 

Interest  on  Investment 

Office  Expenses 

Postage  and  Express 

Hall  Rentals 

Room     "      

Badges  and  Certificates 

Lighting 

Check  Collection  Charges 

Meetings  (subscriptions  from 

mombers)* 

Rent,  Interest,  and  taxes. . . . 


$4,610  50 

26,887  97 

2,216  35 

32  00 

459  02 

2,200  00 

1,352  50 

6  66 

87 

1,097  50 

1,803  42 

936  25 

6  00 

2  62 

84-2 


06 
06 


Total  Receipts $42,452  78 

Cash  in  Treasurer's  hands 
the  first  of  year 100  92 

Total $42.553  70 

Cash  in  Treasurer's  hands, 
first  of  year  1900-1901,  for- 
ward          248  07 


Ditburaements. 

Cr. 

Reprints  and  Publications. . . 

Postage  and  Express 

Office  Expenses 

Salaries 

Engraving 

Contingencies  (profit  and  loss) 

Binding  Transaction 

Meetings  f 

Work  of  Committers 

Badges  and  Certificates 

Travelling 

Insurance  and  Safe  Deposit. . , 

Hent,  Interest,  and  Taxes... . 

Printing  —  Circulars,  Cata- 
logues, Office  Forms,  etc. . 

Stationery  Supplies 

House  Supplies  and  Furniture 

Library  (book  purchase  and 
binding) 

Janitorial  Supplies 

Fuel 

Lighting  (gas  and  electric 
%ht) 

Laundry  

Repairs  to  House,  Furniture, 
etc 

Interest  on  Investment 

Collection  out-of-town  checks 


$9,496  61 

2,9'iO  38 

380  20 

8,158  00 

1,599  80 

73  60 

1.748  15 

2,489  61 

841  90 

1,064  02 

150  00 

17  00 

4,661  45 

8,682  96 
274  18 
614  25 

1,407  95 

147  26 

28  00 

428  98 
861  70 

587  98 
20  (K) 
22  16 


Total   regular  Disburse- 
ments  $40,605  63 

Investment,     M.    E.    L.     A. 
bonds  bought 1,700  00 

Total $42,305  63 

Cash  on  hand  to  balance 248  07 


Total $42,553  70 


*  This  was  the  amount  subscribed  by  members  toward  the  cost  of  the  recep- 
tion at  the  New  York  meeting  of  1899. 

f  The  cost  of  the  reception  was  $9)1,  which  amount  is  included  in  the  total 
amount  expended  for  meetings,  as  shown  on  credit  side  above. 
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At  the  time  of  this  report  there  remain  outstanding  uncol- 
lected accounts  due  the  Society  at  the  end  of  the  year  1899-1900 
as  follows : 

From  Members,  Dues,  etc. 

3  men  owe  for  initation  fee 55  00 

dQ    •*      '*     *•    the  year  1899-1900,  just  closed,  at  $15 1,0H5  00 

19    '•      '*     **      "      **           **            *'        "      **  $10 190  00 

89    **       *'    '*  does  from  1  to  5  years  back 1,513  35 

1  man  owes  for  9  years  and  a  balance  back  dues  owing  to  the  fact  that 

on  account  of  his  geographical  location  he  cannot  remit 140  98 

7  men  owe  small  balances  for  pamphlets,  badges,  volumes,  etc 20  IS 

Total,  138  men  (about  6  per  cent,  of  the  membership) $2,954  51 

Prom  Miscellaneous  Accounts. 

1  society  owes  for  hall  rent $25  00 

13  persons  owe  for  room  rent    87  17 

5        *  **     "    papers 1,068  35* 

Total  from  19  persons 1.180  52 

Total  amoant  outstanding  and  uncollected $4,135  03 

Due  to  the  action  which  has  been  taken  by  the  Council,  under 
Art.  19  of  the  Bules,  on  such  men  as  owed  a  number  of  years' 
back  dues  and  from  whom  the  Society  seemed  to  be  able  to  get 
no  satisfactory  and  definite  responses  to  statements  and  letters 
sent  them,  the  sum  shown  above  as  due  the  Society  at  the 
end  of  the  year  189^-1900 — i.e.  $4,135.03 — is  practically  all  col- 
lectable and  the  larger  portion  of  it  will  without  doubt  be  col- 
lected during  the  new  year. 

ASSETS  AND   LIABILITIES. 

At  the,  end  of  the  ijear  1899-1900. 

Exclusive  of  such  property  as  pamphlet  copies  of  the  papers, 
and  of  office  and  house  furniture,  etc.,  which  is  also  owned  by  the 
Society. 

Assets. 

Interest  in  property  at  12  West  Slst  Street,  New  York $29,000  00 

Stock  of  bound  and  paper  covered  copies  of  the  Transactions  of  the 
Society,  Vols.  I.-XX.  inclusive,  on  hand,  estimating  them  at  the 

price  at  which  they  are  sold  to  members 24,000  00 

Outstanding  indebtedness  due  Society  as  itemized  above 4,135  03 

Cash  on  hand  in  bank,  as  reported  above 248  07 

Total  assets $57,383  10 

-  —    -  -  -  — 

*  Of  this  amount  $1,067  is  owed  by   one  well-known    firm  for  pamphlets 
recently  famished  them  and  the  balance  $1.35  from  4  persons  for  pamphlets. 
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The  above  statement  of  assets,  moreover,  does  not  include 
the  stereotype  plates  of  the  volumes  of  the  Transactions.  It 
covers  only  the  assets  which  are  convertible  under  favorable 
conditions  into  cash.  Nor  does  it  include  office  furniture  and 
fixtures  in  use. 

The  Society  has  as  a  liability  at  this  date  a  running  account 
with  the  firm  which  prints  its  Transactions,  and  will  also  soon 
have  a  liability  for  the  cost  of  the  new  heating  and  ventilation 
plant  that  has  been  installed  this  summer  though  not  fully  com- 
pleted at  the  time  of  this  report,  and  also  for  the  rewiring  of 
the  Society  house,  which  was  necessary  by  action  of  the  Board 
of  Fire  Underwriters.  These  will  be  paid  at  once  out  of  the 
receipts  of  the  new  year  1900-1901. 

CANCELLING   OP  SECOND   MORTGAGE   ON  SOCIETY  HOUSE. 

Those  members  of  the  Society  whose  membership  antedates 
the  fall  of  1889  will  no  doubt  remember  that  in  that  year  the 
present  home  of  the  Society  was  bought  for  $60,000  by  the 
Mechanical  Engineers'  Library  Association,  and  that  there  have 
been  two  mortgages  on  the  property.  The  second  mortgage, 
amounting  to  $32,000,  and  covered  by  an  issue  of  bonds  for  a 
like  amount — which  bonds  were  held  by  members — fell  due 
July  1,  1900.  The  Finance  Committee  takes  pleasure  in  an- 
nouncing that  that  mortgage  of  $32,000  is  now  entirely  wiped 
out ;  the  bonds  representing  that  sum  having  been  acquired  by 
the  Mechanical  Engineers*  Library  Association  and  the  Ameri- 
can Society  of  Mechanical  Engineers,  the  former  having  acquired 
$3,000  and  the  latter  $29,000  worth  of  the  issue,  thus  giving  the 
American  Society  of  Mechanical  Engineers  an  interest  in  the 
property  to  the  amount  of  the  latter  sum.  Steps  will  now  be 
taken  to  reduce  gradually  the  first  mortgage  which  yet  remains 
on  the  property.  It  may  not  be  amiss  to  state  that  the  property 
in  the  neighborhood  of  the  Society  house  has  gradually  increased 
in  value  in  the  last  ten  years,  so  that  our  holding  is  now  worth 
considerably  more  than  what  we  paid  for  it  in  1889. 
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MECHANICAL   ENQINEEES'    LIBEAEY  ASSOCIATION. 


COPY  OP  THE  ANNUAL  REPORT  OP  THE  TRUSTEES    OP  THE    MECHAN- 
ICAL engineers'  library  association,  1899-1900. 

The  summary  of  receipts  and  disbursements  of  the  Trustees 
from  November  15,  1899,  to  November  15, 1900,  is  appended. 


Secretary's  Balance  Sheet,  year  1899-1900  : 
Dr. 
To  balance  on  band  first  of  year   |250  68 


To  receipts  as  itemized  below.  5,098  00 


To  casb  on  hand 


|5,a48  68 
88  28 


Cr. 


By  expenditure    as   itemized 

beJow $5,315  40 

By  cash  on  hand 38  2S 

$5,348  6$ 


Itemized  Statement  of  Receipts  and  Expenditures  of  the  Association  for  fiscal 
year,  lb99-1900  : 


t( 


it 


Dr. 

Receipts,  Fellowship  Fund  . .    $117  00 

Sinking  Fund 411  00 

Office  Rent 4,500  00 

Interest  on  investment,  28  x 
$2.50  (30  bonds  bought,  but 
2  bad,  July,  1900,  coupons 
cut  when  purchased,  being 
bought  just  before  expira- 
tion)         70  00 

Total  receipU  for  year $5,098  00 

Casb  on  hand  first  of  year  . . .      250  68 


Cr. 

Interest  on  mortgage $1,402  60 

**    bonds 1,600  OO 

Salaries 780  OO 

Library  and  book  purchase  . .  4  80* 

Stationery  and  printing 1  25 

Interest   (coupons   on    bonds 

bought) 25  OO 

Contingent 1  85 

Total  expenditures $3,815  40- 

Investment,  bonds  bought...  1,500  00 


Cash  on  hand, 


$5,315  40 
33  28 


$5,348  6& 


$5,848  68 
Cash  on  hand  first  of  year, 
1900-1901 $38  28 

All  money  due  the  Association  at  the  end  of  this  year  (except 
$38,  subscriptions  from  six  men)  has  been  paid,  and  all  out- 
standing accounts  against  it  are  paid  to  date  of  this  report. 

Assets  and  Liabilities. 

A88€t8, 

Casb  on  band  as  above $88  28 

House  and  lot,  12  W.  Thirty-first  Street,  New  York,  N.  Y. .  65,000  00 

Furniture  and  equipment 5,000  00 

Books  and  manuscripts 10,700  00 

Babscriptions  due  by  six  men 38  00 

Total  asseto $80,771  28 
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LiabiliHes, 

First  mortgage  held  by  N.  Y.  Academy,  of  Medicine $88,000  00 

Eqaitj   in  property  at  12  W.   Thirty-first  Street,  New 

York,  held  by  Am.  Soc.  Mech.  Engrs 29,000  00 

Notes  payable  for  six  bonds  bought  from  their  original 

holders  (6  x  $100) 600  00 

Total  liabilities 62,600  00 

Excess  of  assets  over  liabilities $18,171  28 

At  the  close  of  the  reading  of  the  printed  report  the  President 
called  for  action  to  be  taken  on  the  work  of  the  Society's  pro- 
fessional committees  during  the  year.  These  were  mainly  re- 
ports of  progress. 

The  Committee  on  A  Standard  Method  of  Reporting  Tests  of 
Engines,  stated  through  a  letter  from  its  Chairman,  Mr.  Francis 
H.  Boyer,  that  their  code  was  completed  for  the  steam-engine 
section,  and  part  of  that  which  they  proposed  to  present  as  to  the 
testing  of  internally  fired  engines  was  in  hand.  It  required, 
however,  to  be  submitted  for  approval  to  the  British  member 
of  the  Committee,  Mr.  Bryan  Donkin,  and  the  Committee  hoped 
that  by  the  Spring  Meeting  of  1901  the  document  would  be  com- 
pleted and  ready  for  presentation  and  discussion. 

The  Committee  on  Standard  Proportions  for  Parts  and  Threads 
of  Pipe  Unions,  reported  through  its  Chairman,  Mr.  E.  M.  Herr, 
by  letter,  that  a  full  set  of  designs  had  been  proposed  for  sizes 
running  from  one-eighth  inch  to  four  inches,  based  in  the  belief 
of  the  Committee  upon  well-considered  principles,  in  which  the 
standard  both  of  the  user  and  of  the  manufacturer  had  been 
thoroughly  considered.  In  view  of  the  fact  that  this  subject  had 
been  first  brought  up  by  the  American  Railway  Master  Mechan- 
ics' Association,  from  which  a  Committee  had  been  appointed 
and  was  engaged  in  joint  work  with  the  Committee  of  this 
Society  and  with  a  similar  Committee  of  the  Master  Car  Builders 
Association,  it  had  been  thought  best  to  agree  at  this  time  to 
report  progress  only,  in  order  to  permit  of  further  and  fuller 
conference  with  the  above  joint  committees,  and  to  secure, 
furthermore,  the  action  of  a  number  of  representative  manufac- 
turers. The  Committee  hoped  to  present  a  full  report  for  dis- 
cussion at  the  Spring  Meeting  of  1901. 

The  Committee  appointed  by  the  Council  to  conduct  gather- 
ings of  members  and  their  friends  at  stated  monthly  reunions. 
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under  the  control  of  a  Committee  of  Janior  Members,  reported 
through  its  Chairman,  Mr.  Henry  C.  Meyer,  Jr.,  as  follows  : 

Eeport  op  Junior  Committee. 

Since  the  Committee  reported  at  the  Cincinnati  Meeting,  one 
very  successful  Junior  Meeting  has  been  held,  at  which  the 
attendance  was  about  60.  This  occurred  on  Tuesday  evening, 
October  13th.  Mr.  John  C.  Wait  presented  a  paper  upon  **  The 
Laws  of  Construction  Contracts,"  in  which  a  great  interest  was 
shown ;  the  paper  being  followed  by  considerable  discussion. 
The  stenographer's  report  of  the  meeting  is  on  file  at  the  Society's 
rooms,  and  can  be  examined  upon  application.  Mr.  Wait  will 
deliver  a  second  lecture  upon  the  same  subject  at  a  meeting  to 
be  announced  later. 

Mr.  Cornelius  Vanderbilt  was  scheduled  to  read  a  paper  upon 
"  Locomotive  Fire-Boxes "  at  the  October  meeting,  but  on 
account  of  his  failure  to  receive  certain  data  that  he  had  been 
promised,  a  postponement  was  necessary.  It  is  expected  that 
this  paper  will  be  read  at  one  of  the  meetings  in  the  near  future. 
This  report  is  made  by  the  Chairman  of  the  Committee  in  the 
absence  of  Mr.  Frothingham,  the  Secretary. 

The  President  then  called  for  a  report  from  the  Society's  Com- 
mittee intrusted  with  the  detail  of  erecting  in  Trinity  Churchyard 
a  suitable  meiporial  to  Kobert  Fulton.  Mr.  Gus  C.  Henning, 
Chairman  of  the  Committee,  made  a  verbal  report,  as  follows : 

Mr,  Qua  C.  Henning. — The  Committee  can  report  that  there 
is  now  definitely  promised  the  sum  of  $1,450  towards  the  sum  of 
$2,000  or  $2,500  which  the  Committee  had  fixed  as  its  limit. 
These  subscriptions,  however,  have  been  received  from  less  than 
10  per  cent  of  the  total  membership.  The  Committee  believe  that 
for  the  larger  sum  a  monument  could  be  erected  which  would 
have  sufficient  dignity  to  be  fittingly  representative  of  the  So- 
ciety, and  the  great  engineer  whom  it  is  intended  to  honor.  The 
members  who  were  present  at  the  meeting  a  year  ago  when  the 
Committee  made  its  first  report,  will  recall  that  the  Trinity  Church 
Corporation  has  proposed  to  give  to  the  Fulton  Memorial  of  our 
Society  one  of  the  most  prominent  sites  of  the  churchyard,  near 
the  front  at  the  Bector  Street  side,  opposite  the  present  Living- 
ston vault,  in  which  the  body  of  Mr.  Fulton  rests  at  present.  We 
have  several  designs  and  estimates  and  intend  to  obtain  others 
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withiu  a  few  days,  and  will  then  know  positively  the  miDimnmi 
sum  which  will  be  required.  I  may  add,  furthermore,  that  the^ 
Committee  hopes  to  receive  from  a  group  of  its  members  con- 
cerned with  one  of  its  recent  conventions  the  balance  of  $250, 
which  was  left  over  in  the  hands  of  the  Committee  of  Arrange- 
ments when  all  their  expenses  connected  with  the  meeting  had 
been  fully  met.  The  Committee  hopes  at  this  meeting  some  who 
have  not  as  yet  contributed  will  take  occasion  to  help  in  complet- 
ing the  necessary  fund. 

The  Committee  which  had  been  appointed  by  the  Council  to 
take  care  of  the  detail  incident  to  the  courtesies  to  be  shown  to 
the  Society  during  their  visit  to  England  and  France  in  a  some- 
what organized  way,  during  the  summer  of  1900,  reported  through 
its  Secretary,  Mr.  H.  H.  Suplee.  Mr.  Suplee  spoke  of  the  pur- 
pose of  the  Committee  to  prepare  for  publication  in  the  Transcui' 
tions  of  the  Society  a  somewhat  formal  report,  that  the  exceeding 
courtesies  shown  to  the  Society  on  the  occasion  of  this  visit  might 
be  a  matter  of  permanent  and  official  record.  Such  report  will  be 
regarded  as  a  paper  of  the  current  annual  meeting,  but  there  had 
not  been  opportunity  to  do  the  necessary  work  upon  it  in  advance 
of  the  date  of  the  meeting. 

He  called  attention  to  the  fact  that  the  excursion  of  1900  dif- 
fered from  the  previous  similar  experiences  of  1889,  in  that  it  had 
been  found  impossible  to  assemble  the  party  on  this  side  of  the 
ocean  with  a  view  to  crossing  in  one  body.  The  various  mem- 
bers chose  their  own  steamer,  and  by  appointment  they  met  for 
organization  at  the  house  of  the  Institution  of  Mechanical  En- 
gin«'ers  of  Great  Britain  by  invitation  of  that  body,  on  June  5th. 
Dui  ing  the  week  of  the  spring  meeting  of  the  British  Society,  all 
members  who  had  attached  themselves  to  the  informal  organiza- 
tion provided  for  at  that  meeting,  were  entertained  in  a  delightful 
fashion  of  personal  and  official  welcome,  and  were  made  joint 
partakers  of  the  convention  of  the  British  Society,  partaking  in 
the  discussion  and  joining  in  the  excursions  as  guests  of  the 
convention. 

The  following  week  was  that  assigned  for  a  general  reunion  at 
the  house  of  the  Institution  of  Civil  Engineers  of  Great  Britain, 
at  which  time  and  place  all  the  visiting  engineers  in  London, 
from  the  various  American  societies,  were  welcomed  and  most 
hospitably  entertained.  A  conspicuous  feature  of  that  week  wns 
the  reception  of  the  American  engineers  and  their  English  hos  s^ 
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tit  Windsor,  where  the  Presidents  of  the  two  societies,  with  their 
ladies,  were  personally  presented  to  the  Queen  of  England,  and 
^here  the  whole  party  received  the  full  hospitality  of  the  royal 
oastle  at  Windsor. 

Prior  to  the  gatherings  in  London,  the  Society  of  Civil  En- 
gineers of  France  had  requested  that  a  limited  number  of  dele- 
gates from  this  Society  might  be  appointed  to  represent  the 
Society  at  their  reunion  in  Paris.  The  delegation  appointed 
from  among  those  who  had  already  reached  England  and  the 
Continent  at  the  date  of  this  meeting  formed  part  of  a  large  party 
— representatives  of  nearly  all  the  engineering  societies  in  the  dif- 
ferent parts  of  the  world.  The  entertainment  was  most  gratifying 
and  acceptable,  and  the  French  Society,  furthermore,  arranged 
that  the  courtesies  of  their  house,  No.  19  rue  Blanche,  might  be 
available  for  the  American  visitors  all  through  the  Exposition 
season.  There  was,  furthermore,  in  addition  to  these  official 
courtesies  to  the  Society  as  a  whole,  and  to  its  representatives,  a 
most  enjoyable  trip  organized  by  the  firm  of  Messrs.  Ludwig 
Loewe  &  Co.,  of  Berlin.  Those  who  could  avail  of  this  invitation 
Jl^ecame  guests  of  the  firm  on  their  departure  from  Paris  until 
the  completion  of  the  Berlin  programme.  The  speaker's  personal 
engagements  had  prevented  him  from  taking  part  in  the  Berlin 
Tisit,  but  the  reports  of  those  who  enjoyed  it  have  been  most 
glowing,  and  will  be  a  feature  of  the  formal  document  to 
follow. 

The  Council  has  directed  that  illuminated  testimonials  be  pre- 
sented in  the  name  of  the  Society,  signed  by  its  President  and 
Secretary,  to  the  three  societies.  Beside  the  Institution  of  Civil 
Engineers  and  the  Institution  of  Mechanical  Engineers  of  Great 
Britain,  and  the  Society  of  Civil  Engineers  of  France,  the  firm 
of  Ludwig  Loewe  &  Co.  is  to  be  included  in  this  action.  These 
illuminations  are  now  in  preparation  and  will  be  transmitted  to 
the  hosts  of  the  party  early  in  the  year.  A  record  enrollment 
signed  by  the  visitors  was  kept  in  the  office  of  the  Executive 
Committee,  and  in  its  final  form  will  be  accessible  in  detail  to  all 
interested.  The  members  will  have  noticed  in  the  Report  of  the 
Council,  the  action  of  that  body  in  making  the  Presidents  of  the 
three  European  societies  for  the  current  year  Honorary  Mem- 
bers of  the  American  Society  of  Mechanical  Engineers. 

The  President  called  at  this  time  for  the  Report  of  the  Society's 
Oommittee  on  the  movement  to  Standardize  Direct-connected 
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Generating  Sets.  The  Committee  was  in  session  on  the  day  upon 
wliich  this  report  was  called  for,  so  that  it  was  not  ready  at  this 
time.  As  presented  later  in  the  meeting,  it  is  inserted  at  this 
point  for  convenience  of  record.  It  was  signed  by  Mr.  James  B. 
Stanwood,  Chairman  of  the  Committee. 

REPORT     OF    COMMITTEE     ON     STANDARDIZATION     OF     ENGINES    AND 

DYNAMOS. 

Your  committee  on  standardization  of  engines  and  dynamos 
desires  to  report  that  it  is  making  extremely  satisfactory  progress 
in  its  work. 

It  has  been  in  conference  with  members  from  a  similar  com- 
mittee, appointed  by  the  American  Institute  of  Electrical  En- 
gineers, and  with  members  of  a  committee  on  standardization 
from  the  Engine  Builders'  Association.  The  result  of  this  con- 
ference was  a  practical  agreement  by  these  committees  on  the 
tentative  report  made  by  your  committee  at  the  May  meeting  of 
our  Society  in  Cincinnati. 

In  relation  to  the  standardization  of  the  sub-base  dimensions,  a 
large  amount  of  data  has  been  collected,  and  one  or  two  reason- 
able schemes  for  harmonizing  them  have  been  mapped  out. 

It  is  hoped  at  the  meeting  next  spring  that  a  complete  report 
covering  the  entire  ground  can  be  submitted. 

At  the  conclusion  of  the  committee  reports,  the  President  asked 
for  the  action  of  the  tellers  appointed  at  the  previous  session  last 
evening  to  open  and  count  the  letter  ballot  for  officers  of  the 
Society.     This  report  was  read  by  the  Secretary  as  follows : 

REPORT    OF    TELLERS. 

The  committee  of  tellers  appointed  last  evening  to  count  ballots 
cast  by  the  members  for  officers  of  the  American  Society  of 
Mechanical  Engineers,  for  the  year  1900-1901,  begs  to  submit  the 
following  report : 

Total   ballots  cast 627 

Ballots  thrown  out  unsigned 14 

Ballots  thrown  out  signed  with  rubber  stamps 5 

Other  informal  ballots 1 

Total  informal  ballots  20 

Total  ballots  counted  bv  tellers 607 
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Of  the  regular  ballot  counted  by  the  tellers  they  would  report 
the  following  result : 

For  Prendent, 

8.  T.  Wellman,  of  Cleveland 605 

Scattering 2 

For  Vice-Presidents. 

Arthur  M.  Waitt,  New  York 600 

James  M.  Dodge,  Philadelphia 608 

AmbroRe  Swasey,  Cleveland , 607 

Scattering. 

For  Managers, 

W.  P.  M.  Goes,  Lafayette,  Ind 607 

DeCourcy  May,  Scranton,  Pa 598 

D.  8.  Jacobns,  Hoboken,  N.  J 608 

Scattering 1 

For  Treasurer, 

William  H.  Wiley,  New  York 606 

Scattering 1 

Our  count,  therefore,  shows  the  election  of  the  regular  nominees. 

Respectfully  submitted, 

George  W.  Weeks, 
Harrington  Emerson, 
Paul  Mellen  Chamberlain. 

The  President  thereupon  asked  Mr.  S.  T.  Wellman,  President- 
elect, if  he  would  accept  the  honor  conferred  upon  him  by  the 
action  of  the  voting  membership.  Upon  receiving  Mr.  Wellman's 
affirmative  reply,  Messrs.  Eobert  Hunt  and  Worcester  R.  Warner 
were  requested,  as  an  escort  committee,  to  conduct  the  President- 
elect to  the  platform.  President  Morgan  then  extended  to  his 
successor  the  right  hand  of  fellowship,  and  bespoke  for  him  the 
courtesies  which  he  had  enjoyed  from  the  members  of  the  Society 
during  his  term  about  to  close.  Mr.  Wellman  in  fitting  reply 
expressed  his  sense  of  the  honor  that  he  should  be  called  to  fill 
the  chair  which  had  been  occupied  by  such  eminent  engineers, 
and  thanked  the  Society  for  the  honor  which  had  been  done  to 
him. 

The  Secretary  read  a  courteous  letter  of  Invitation  from  Mr. 
John  Thomson,  President  of  the  Engineers'  Club  of  New  York, 
inviting  the  members  to  be  the  guests  of  the  club  during  the 
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meeting,  and  puttiDg  the  privileges  of  the  club  at  the  service  of 
such  as  would  apply  to  designated  members  of  the  reception 
<;ommittee  for  the  necessary  cards.  The  Secretary  further  reported, 
that,  by  the  courtesy  of  the  "  Locomobile  '*  Company  of  America 
And  the  De  Dion  Bouton  "  Motorette "  Company,  arrangements 
had  been  made  to  have  a  considerable  number  of  steam-carriages 
And  a  gasolene  "Motorette"  at  the  service  of  the  members, 
And  that  parties  for  rides  in  these  horseless  carriages  propelled 
by  steam  and  gasolene  could  be  made  during  the  morning  and 
afternoon  of  Wednesday,  and  that  if  it  were  found  desirable  this 
feature  of  the  meeting  could  be  extended  to  include  Thursday, 
also.  A  considerable  number  availed  themselves  of  the  courtesy 
and  attention  evidenced  by  the  presence  of  these  carriages,  in 
spite  of  the  chilling  wind  and  gray  sky. 

Mr.  Arthur  Herschmann,  Mechanical  Engineer  of  the  Adams 
Express  Company,  presented  an  invitation  that  the  members 
should  view  the  three-ton  express-wagon,  propelled  by  steam, 
with  which  that  company  was  experimenting.  The  members 
might  visit  the  wagon  at  the  company's  station  at  Forty-ninth 
Street  and  Park  Ave.,  and  at  the  Friday  morning  session  Mr. 
Herschmann  had  the  wagon  on  exhibition  on  the  street  in  front 
of  the  Society  house. 

Professional  papers  were  then  taken  up  as  follows : 
The  paper  by  Mr.  H.  de  B.  Parsons,  entitled  **  Comparison  of 
Rules  for  Calculating  the  Strength  of  Steam  Boilers,"  was  dis- 
cussed by  Messrs.  Rock  wood,  Cary,  E.  P.  Thompson,  Hale, 
Spangler,  Kent,  Snell,  and  Robb  on  its  technical  side,  and  finally, 
on  motion  of  Mr.  Rockwood,  the  following  motion  was  put : 

Besohed,  that  the  Council  be  requested  to  consider  the  expediency  of  the 
api>ointment  of  a  committee  to  review  the  various  rules  for  proportioning  the 
parts  of  steam  boilers,  and  if  in  their  opinion  the  appointment  of  such  a  commit- 
tee would  be  desirable,  that  the  Council  have  power  to  appoint  such  a  committee. 

This  motion  being  seconded  by  Mr.  Laforge,  it  was  put  by 
the  Chair  and  unanimously  adopted. 

Mr.  Charles  T.  Porter's  paper,  "  A  Record  of  the  Early  Period 
of  High-Speed  Steam  Engineering,"  was  presented  by  its  author 
by  title,  and  discussed  by  Messrs.  Thurston  and  Suplee.  Profes- 
sor Thurston's  paper  closed  the  session.  It  was  entitled  "  The 
Steam  Turbine ;  the  Steam  Engine  of  Maximum  Simplicity  and 
of  Highest  Thermal  Efficiency."     It  was  discussed  by  Messrs. 
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Sargent,  Kent,  Engel,  Bolton,  Piatt,  Emerson,  Eockwood,  Car- 
penter, Herschmann,  Snell,  and  Wheeler. 

The  second  session  thereupon  adjourned.  A  luncheon  was 
served  in  a  room  underneath  the  auditorium,  beginning  at  twelve 
o'clock,  and  a  great  majority  of  the  members  in  attendance  re- 
mained till  after  luncheon  for  the  opportunity  of  social  and  pro- 
fessional reonion  for  which  the  afternoon  was  left  free.  This 
policy  has  been  followed  for  many  years  at  the  New  York  con- 
ventions, with  the  view  of  leaving  tlie  members  free  to  attend  to 
their  individual  affairs,  without  filling  the  day  so  completely  as 
to  interfere  with  their  personal  needs  in  the  matter  of  business 
appointments.  Quite  a  number  went  out  in  parties  in  the  loco- 
mobiles, and  in  Mr.  C.  J.  Field's  De  Dion  Bouton  "Motorette." 

Third  Session.    Wednesday,  December  5th. 

President  Morgan  was  unable  to  take  the  chair  on  this  even- 
ing at  this  session,  so  that  Past  President  John  E.  Sweet  called 
the  meeting  to  order. 

The  papers  for  this  session  were  as  follows :  By  Mr.  William 
Sangster,  entitled  "Note  on  Centrifugal  Fans  for  Cupolas  and 
Forges";  by  Mr.  F.  W.  Dean,  entitled  "Power  Plant  of  the 
Massachusetts  General  Hospital "  ;  by  Reginald  P.  Bolton,  en- 
titled **  The  Construction  of  Contracts " ;  by  Mr.  E.  T.  Adams, 
entitled  "An  American  Central  Valve  Engine.**  The  discussion 
on  these  papers  was  participated  in  by  Messrs.  Snell,  James 
McBride,  F.  V.  Henshaw,  George  I.  Rockwood,  Bolton,  Kent, 
C.  J.  H.  Woodbury,  F.  A.  Scheffler,  E.  A.  Darling,  William  H. 
Brvan,  Wells.  A.  M.  Wait,  and  D.  W.  Robb. 

Fourth  Session.    Thursday  Morning,  December  6th. 

This  session  was  convened,  by  invitation  of  the  authorities  of 
Columbia  University,  in  the  large  lecture  room  which  is  a  dis- 
tinguishing feature  of  the  Havemeyer  Hall  at  Columbia  Univer- 
sity, 116th  Street  and  Broadway.  The  committees  in  charge  of 
the  meeting  had  prepared  a  printed  slip  giving  the  methods  of 
approach  to  the  University  by  the  various  transportation  lines, 
which  contained  also  the  programme  and  itinerary  for  a  visit  to 
the  University  departments,  including  the  Mechanical  Labora- 
tories, the  Power  House,  the  Shops,  and  the  Library  in  particu- 
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lar,  with  information  concerning  other  departments  in  which  in- 
dividual members  might  be  interested.  The  session  opened  at 
10.30  with  the  reading  and  discussion  of  papers,  and  at  half  past 
twelve  President  Low  of  the  University  was  invited  to  the  meet- 
ing room,  and  made  a  brief  address  of  welcome  to  the  Society^ 
which  he  couched  in  the  following  terms : 

President  Low. — Mr.  Chairman  and  Gentlemen — I  understood 
that  I  was  to  have  the  pleasure  of  shaking  hands,  as  I  hoped, 
with  all  of  you,  in  the  Trustees'  room,  but  I  did  not  know  until 
just  now  that  I  might  have  the  additional  pleasure  of  saying  a 
word  of  welcome  to  you  as  a  body.  It  is  a  great  pleasure  to  us 
at  the  University  to  have  this  visit  from  the  Society  of  Mechani- 
cal Engineers.  I  suppose  that  I  may  fairly  say  that  Columbia's 
relation  to  mechanical  engineering  is  not  altogether  unlike  that 
of  the  country  whose  name  we  bear,  at  least  in  its  poetic  form. 
The  United  States  has  entered  upon  the  field  of  its  triumph  in 
mechanical  engineering  somewhat  recently,  and  this  University 
has  entered  on  the  field  of  instruction  in  mechanical  engineering 
quite  recently.  I  hope,  however,  that  you  will  believe  me  when  I 
say  that  we  have  entered  upon  it  in  the  same  spirit  and  with  the 
same  high  ideals  that  the  country  has  brought  to  bear  upon  the 
consideration  of  all  the  problems  which  the  mechanical  engineer 
has  already  faced  and  solved ;  and  out  of  the  triumphs  of  your 
past  we  find  inspiration  for  our  future.  We  have  not  such  a  past 
of  our  own  to  refer  to ;  but  we  rejoice  in  what  has  been  done  in 
our  sister  universities  and  scientific  schools  in  this  direction,  and 
from  their  past  as  well  we  find  inspiration  for  the  path  in  which 
we  hope  to  tread.  I  am  sure  you  will  see  that  your  branch  of 
engineering  has  had  much  to  do  with  our  material  equipment  just 
as  it  stands.  We  shall  have,  therefore,  the  inspiration  of  grati- 
tude to  your  art,  if  I  may  call  it  so,  or  your  science,  if  you  prefer, 
for  the  services  which  we  hope  to  render  in  the  future  to  the  pro- 
fession which  you  represent.  In  view  of  all  these  considerations, 
I  am  sure  you  may  feel  that  this  University,  under  the  lead  of 
your  Secretary,  who  is  our  professor  of  mechanical  engineering, 
will  do  all  that  it  can  to  advance  this  subject  here. 

Having  said  this  word,  which  is  naturally  suggested  by  your 
own  chief  interest,  will  you  not  let  me  also  add  to  it  a  word  of 
very  warm  welcome  from  the  scholars  of  this  University  whose 
interests  lie  in  other  fields.  It  always  seems  to  me  one  of  the 
splendid  things  about  a  University,  that  no  matter  what  may  be 
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the  intellectual  interest  of  a  man,  do  matter  how  assiduously  he 
may  follow  that  in  his  own  field,  he  finds  himself  working  side  by 
nde  with  other  men  whose  interests  are  entirely  different,  but 
who  are  working  just  as  hard  as  he  in  their  own  occupations.  I 
think  the  effect  of  that  circumstance  must  be  broadening ;  it  must 
help  to  make  better  men  if  it  does  not  help  to  make  better  engi- 
neers. Bat  I  suspect  that  we  all  of  us  do  our  own  part  in  life 
best  when  we  thoroughly  respect  and  sympathize  with  the  efforts 
of  others  in  the  careers  that  they  have  chosen  for  themselves.  It 
is  for  that  reason,  because  the  sympathy  of  every  scholar  we  have 
goes  out  to  you,  that  I  feel  at  liberty,  and  not  only  at  liberty,  but 
I  feel  as  it  were,  under  instructions,  to  bid  you  welcome  to-day  to 
Columbia  University  in  the  name  of  every  scholar  that  we  have. 
(Applause.) 

President  Moi^an  from  the  chair  requested  that  Prof.  B.  H. 
Thurston,  first  President  of  the  Society,  should  return  to  Mr. 
Low  its  expression  of  thanks  and  recognition,  which  he  did  most 
happily  in  a  brief  speech  from  the  fioor,  as  follows : 

Dr.  Thurston. — Mr.  President — ^That  expression,  sir,  of  our 
thanks  for  this  kindly  welcome  is  very  soon  made,  but  because  it 
is  a  brief  one  it  is  none  the  less  hearty  and  cordial.  We  are  de- 
lighted to  come  to  you,  sir,  and  to  see  what  you  are  doing  here, 
not  only  in  promoting  mechanical  engineering,  but  in  promoting 
all  arts,  and  all  sciences,  and  all  literatures ;  and  as  we  wander 
about  these  grounds  and  through  these  buildings  we  anticipate 
exceptional  pleasure  in  seeing  in  New  York  City  a  grand  develop- 
ment of  this  kind,  a  University  which  is  universal  iu  its  sympathy, 
and  a  University  in  the  sense  that  it  does  represent  all  of  the 
sciences  as  well  as  all  of  the  arts,  and  all  the  literatures  as  well 
as  all  the  sciences.  And,  sir,  we  congratulate  you  most  heartily 
on  the  noble  work  that  you  have  done  in  leading  your  colleagues, 
of  trustees  and  of  faculty,  in  the  performance  of  this  most  mag- 
nificent work,  and  the  prime  pleasure  of  our  session  at  this  time 
is  thus  found  at  the  meeting  we  are  holding  to-day  at  Columbia 
College.     (Applause.) 

The  discussion  of  papers  was  then  resumed  up  to  one  o'clock, 
when  the  entire  visiting  party  was  escorted  to  the  Trustees'  Boom 
of  the  splendid  Library  Building,  at  which  time  they  were  intm- 
duced  individually  to  the  President  of  the  University,  and  were 
given  the  opportunity  to  examine  the  notable  features  of  the  room 
and  of  the  building.     The  party  then  adjourned  to  the  ground 
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floor  of  the  Engineering  Building,  where  a  luncheon  was  served, 
and  afterwards  the  visit  to  other  parts  of  the  University  was  ar- 
ranged for  in  detail.  Parties  of  students  were  assigned  as  guides. 
Something  over  600  persons  were  present  at  this  meeting.  The 
papers  of  the  Columbia  University  session  were  as  follows : 

By  Mr.  Max  H.  Wickhorst,  entitled  **  Mechanical  Integrator 
Used  in  Connection  with  a  Spring  Dynamometer  "  ;  by  Carleton 
A.  Bead,  entitled  "  Apparatus  for  Dynamically  Testing  Steam- 
engine  Indicators  ** ;  by  F.  Meriam  Wheeler,  entitled  "  Compara- 
tive Value  of  Diflferent  Arrangements  of  Suction  Air  Chambers 
on  Pumps,"  and  by  Mr.  W.  H.  Bristol,  entitled  *' A  New  Record- 
ing Air  Pyrometer." 

The  discussion  was  participated  in  by  Messrs.  A.  F.  Nagle, 
S.  A.  Reeve,  Soule,  W.  O.  Webber,  Jacobus,  Bice,  Cary,  Dean, 
Kent,  Henning,  Woolson,  Trump,  McBride,  Thurston,  Edw.  P. 
Bates,  and  E.  P.  Bolton. 

Fifth  Session.    Friday  Morning,  December  7th. 

The  closing  session  of  the  convention  was  convened  at  No.  12 
West  Thirty-first  Street,  at  ten-thirty  o'clock  by  President  Morgan. 
Prof.  W.  F.  Goss*s  paper  recording  "  Tests  of  the  Boiler  of  the 
Purdue  Locomotive"  had  been  postponed  from  the  Thursday 
morning  session,  and  was  taken  up  first.  It  received  discussion 
from  Messrs.  Rockwood,  Kent,  Soule,  C.  V.  Kerr,  W.  O.  Webber, 
and  A.  A.  Cary. 

The  other  papers  of  the  session  were  then  taken  up  in  order,  as 
follows : 

By  Mr.  William  B.  Gregory,  on  **  Tests  of  Centrifugal  Pumps"; 
by  Mr.  William  J.  Keep,  on  "  Hardness,  or  Workability  of  Metals  '^; 
by  Charles  E.  Sargent,  on  "  New  Principle  of  Gas  Engine  De- 
sign"; by  C.  V.  Kerr,  on  "Heat  Efficiency  of  the  Gas  Engine  as 
Modified  by  Point  of  Ignition,";  and  by  Prof,  F.  E.  Jones,  on 
"  Power  and  Light  for  the  Machine  Shop  and  Foundry."  The 
discussion  on  these  papers  was  participated  in  by  Messrs.  Geoi^e 
I.  Rockwood,  Kent,  Soule,  C.  V.  Kerr,  Webber,  Cary,  A,  F.  Hall, 
Jacobus,  H.  S.  Wood,  Emerson,  Nash,  and  Frith. 

At  the  close  of  the  debate  on  the  last  paper,  the  President  called 
upon  the  Secretary  to  read  certain  resolutions  of  thanks  for  cour- 
tesies extended  to  the  Society  during  the  meeting.  These  reso- 
lutions were  as  follows : 
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The  American  Society  of  Mechanical  Engineers,  at  its  closing  session,  desires 
to  pat  upon  record  its  recognition  of  the  coartesies  enjoyed  at  the  hand  of 
Colambia  University  and  its  authorities,  on  the  occasion  of  their  most  enjoyable 
Tisit  to  the  UniTersity  buildings  on  Thursday,  December  6tli. 

Th^y  would  ask  that  President  Low,  of  Columbia  University,  in  particular, 
will  be  assured  of  the  hearty  appreciation  of  his  kindly  words  of  welcome,  and 
of  the  success  of  the  great  work  which  he  has  set  himself  to  do  in  the  building 
ap  of  the  new  Columbia  UnWersity  at  its  splendid  site. 

Tliey  would  express  also  to  Mr.  F.  A.  Goetze,  the  efficient  Superintendent  of 
Buildings  and  Grounds  of  Columbia,  their  thanks  for  the  admirable  arrange- 
ments in  detail  for  the  comfort  and  escort  of  the  visitors  at  the  University. 

Uesolved. — That  the  American  Society  of  Mechanical  Engineers  requests 

THB   "locomobile"  COMPAKY  OP   AMERICA 

to  accept  its  sincere  thanks  for  the  attention  wliich  has  been  shown  to  the  So- 
ciety during  its  Twenty -first  Annual  Meeting  by  that  company,  in  putting  at 
the  disposal  of  the  members  and  their  guests  the  steam -carriages  in  wliich  so 
much  of  pleasure  was  taken  by  those  who  could  profit  by  this  opportunity. 

Resolved. — That  the  American  Society  of  Mechanical  Engineers  will  express 
to  the 

ENGINEERS*   CLUB 

tlieir  thanks  for  the  courtesy  shown  to  the  Society  in  putting  cards  of  invitation 
and  the  privilege  of  the  Club  House  at  the  service  of  members  of  the  Society 
during  their  stay  in  New  York  for  the  Twenty-first  Annual  Meeting  of  the 
Societv 

« 

There  being  no  other  miscellaneous  or  new  business,  the  Presi- 
dent requested  the  incoming  President,  Mr.  S.  T.  Wellman, 
to  come  to  the  platform,  and  in  handing  over  his  office  to  his  suc- 
cessor, Mr.  Morgan  spoke  as  follows : 

"In  consideration  of  the  work  already  done  by  our  Society  in 
the  past,  and  in  reviewing  our  rapid  growth  in  numbers  and  in 
prosperity,  it  has  seemed  to  me  that  we  should  be  encouraged 
and  that  our  effort  should  be  to  strive  to  do  better  work,  that  our 
papers  may  be  not  only  more  abundant,  but  more  helpful,  and  to 
the  end  that  our  profession  of  Mechanical  Engineering  may  be 
more  esteemed  at  home  and  abroad.  With  high  hopes  for  our 
Society  and  its  prosperity,  I  leave  the  office  of  President  in  the 
hands  of  my  friend  Mr.  Wellman,  whom  I  now  present  to  you  as 
my  final  official  act,  with  the  assurance  that  he  will  receive  from 
you  the  same  courtesy  that  you  have  given  to  me." 

A  motion  to  adjourn  being  put  and  passed,  the  convention  ad- 
journed. 

The  one  social  event  of  the  Twenty-first  Annual  Meeting  was 
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the  general  reception  on  Thnrsday  evening,  December  Gth,  in  the 
lai^e  assembly  room  at  Sherry's.  President  C.  H.  Morgan  and 
President-elect  S.  T.  Wellman,  with  their  ladies,  acted  as  a  Be- 
ception  Committee,  receiving  the  members  as  they  entered  the 
dancing-floor.  The  arrangements  for  the  dancing  were  in  the 
hands  of  a  committee.  Supper  was  served  at  ten  o'clock  and 
thereafter.     Over  600  persons  were  present. 

The  city  of  Milwaukee,  Wia,  was  generally  spoken  of  as  the 
probable  place  for  a  meeting  in  the  spring  of  1901. 
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No.  S6S. 

SOME  LANDMARKS  IN   THE  HISTORY   OF   THE 

ROLLING   MILL. 

BT  OHABUE8  H.  MORGAN,  WORCESTER,  MASS. 

Presidential  Address,  1900. 

Id  undertakiog  to  discharge  the  pleasant  and  honorable  obliga- 
tion of  making  an  annual  address  before  you  it  is  natural  and 
reasonable  that  I  should  turn  for  inspiration  and  material  to  that 
small  part  of  the  boundless  domain  of  mechanics  in  which  it  has 
been  my  pleasure  and  privilege  to  serve.  Younger  men  may  tell 
of  what  may  he  done ;  older  men  of  what  has  been  done.  May  I 
speak  then  of  the  rolling  mill  and  what  it  has  done;  quickly 
trace  its  development ;  and  show  the  mighty  part  it  has  played  in 
the  nation's  growth.  To  show  that  with  Watt's  immortal  inven- 
tion harnessed  ahead,  and  the  hand  of  the  mechanical  and 
metallurgical  engineer  guiding  behind,  the  rolling  mill  has  been 
the  plowshare  which  has  opened  the  furrow  and  made  possible  the 
seedtime  and  harvest  of  the  hour. 

Important  as  I  believe  the  rolling  mill  to  be,  I  am  not  unmind- 
ful of  the  fact  that  this  Society  is  not  composed  entirely  of  men 
interested  in  it.  There  are,  I  am  sure,  among  the  members  young 
men  engaged  in  rolling  mill  work,  and  older  men  engaged  in  other 
and  highly  important  work,  to  whom  a  brief  narrative  of  the  land- 
marks of  some  part  of  the  history  of  rolling  would  be  of  interest. 
If,  then,  aught  I  have  to  say  may  to  some  rolling  mill  friend  seem 
well  known  and  familiar,  my  only  apology  is  that  I  do  so  in  my 
desire  to  record  that  which  may  be  of  general  interest  to  all.  For 
I  have  often  found  it  to  be  true  that  the  axioms  of  my  neighbor's 
trade  were  the  problems  of  my  own,  the  things  by  daily  contact 
trite  to  him,  of  interest  to  me. 

It  is  easy  to  magnify  the  importance  of  one's  special  work,  and 
yet  I  am  very  bold  in  urging  the  claims  of  the  rolling  mill  as  an 
epoch  maker.  May  the  testimony  I  have  to  bring  yield,  under 
your  impartial  analysis,  reasonable  percentages  of  interest,  pleas- 
ure and  profit,  but  of  self-assertion  barely  a  trace. 
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In  bis  annual  address  before  tbe  Society  in  1892,  oar  honored 
Past  President,  Mr.  Charles  H.  Loring,  pays  a  splendid  tribute  to 
the  steam  engine  and  its  illustrious  inventor,  James  Watt  In 
forceful,  striking  manner  the  influence  of  that  invention  upon 
the  race  is  shown.  May  I  ask  of  you  another  review  of  that 
address  and  thoughtful  consideration  as  to  what  share  of  the 
truths  there  so  ably  told  fairly  belong  to  the  contemporary  and 
colaborer  of  Watt — Henry  Cort,  and  the  monument  of  his  genius, 
the  rolling  mill 

"The  great  historian,"  says  Mr.  Loring,  "who  looks  back  a 
century  hence  upon  the  present  era  will  point  out  that  the  great 
underlying  cause  of  the  wonderful  progress  made  by  mankind 
during  the  last  100  years  was  tJie  steam  engine.  It  is  what  no 
other  machine  ever  was,  the  creator  of  physical  power.  The 
immortal  inventor  died  without  dreaming  that  he  had  placed  on 
earth  an  infant  Hercules  whose  club  with  an  ever  increasing  might 
would  batter  down  the  institutions  of  preceding  ages." 

I  indorse  that  tribute  with  this  distinction  only, — Watt's  en* 
gine  is  the  Hercules,  but  the  rolling  mill  is  his  dub.  Disarm  him, 
take  liis  club  away,  and  how  little  with  his  vast  strength  can  he 
do  ?  The  steam  engine  may  be  "  what  no  other  machine  ever 
was,  the  creator  of  physical  power,"  but  the  rolling  mill  has  ever 
been  the  creutor  of  the  harness  for  using  that  potver. 

Without  travelling  too  far  afield,  a  bit  of  the  biography  of 
Henry  Cort,  and  his  contemporary  relationship  to  the  work  and 
time  of  Watt,  is  inseparably  a  part  of  any  summary  of  the  de- 
velopment of  the  rolling  mill.  Henry  Cort  was  essentially  to 
the  rolling  mill  what  James  Watt  was  to  the  steam  engine. 
There  is  a  singular  similarity  between  the  two  men  and  the 
interdependency  between  the  development  of  the  inventions  they 
wrought. 

They  were  contemporaneous,  poor,  engaged  in  other  work 
until  brought  together  face  to  face  with  two  undeveloped  bed 
rock  basic  inventions — a  steam  engine  and  a  rolling  mill.  Both 
dropped  the  old  work  for  the  new,  and  developed  inventions  orig- 
inally not  their  own,  (for  other  engines  preceded  Watt's  and  other 
mills  Cort's),  but  the  great  fundamental  similarity  lies  in  the 
fact  that  both  were  men  who  found  two  splendid  inventions 
brought  (as  have  so  many  lesser  ones  before  and  since)  to  that 
point  in  the  life  of  inventions  where  development  drags  and  waits 
a  master-hand  to  give  it  impetus.     Both  were  men  quick  to  see 
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ihe  needed  thing  and  apply  it,  and  at  one  stroke  push  the  poor 
uncompleted  thing  over  the  dividing  line  and  send  it  on  its  way 
a  master  prodaot. 

Henry  Gort  was  bom  in  1740,  at  Ijancaster,  England.  In  1765, 
at  the  age  of  twenty-fiye,  we  find  him  in  London,  engaged  as  a 
nayy  broker.  Here,  bp  sales  of  iron  to  the  Government,  he  had 
pointedly  thrust  upon  him  knowledge  of  the  conditions  of  Eng- 
land's iron  industry.  Within  ten  years  after  reaching  London,  so 
dependent  for  her  iron  supply  had  England  become  that  Bussia 
and  Sweden,  from  whom  she  imported  it,  increased  the  price 
nearly  two  hundred  per  cent.  No  forge  or  furnace  in  England 
could  make  iron  fit  for  the  navy's  use.  Such  a  condition  of  things, 
striking  at  once  at  the  root  of  England's  maritime  and  naval 
supremacy,  was  intolerable.  Then  came  one  of  those  rare  con- 
junctions of  circumstances,  too  potent  and  far-reaching  to  be  a 
mere  creature  of  chance. 

Three  men  almost  simultaneously  worked  and  linked  together 
the  product  of  their  work — ^Watt,  Cort,  and  the  Edinburgh  chem- 
ist, Black.  No  happier  example  of  the  power  of  scientific  and 
mechanical  unity  can  be  found  than  in  the  cooperation  of  these 
three  men,  the  scientist  Black,  and  the  mechanics  Watt  and  Cort. 

In  his  annual  address  in  1899,  before  the  Iron  and  Steel  Insti- 
tute, Sir  William  Roberts  Austen  speaks  of  Black  and  Cort  as 
two  remarkable  men  who  were  looking  for  the  dawn  of  the  nine- 
teenth century  as  we  are  for  that  of  the  twentieth,  and  whose  work 
evidenced  the  fact  that  our  progress  received  no  check  from  the 
failure  of  industrial  workers  to  assimilate  the  teaching  of  science. 

Dr.  Joseph  Black,  who  was  a  professor  of  chemistry  in  Edin- 
burgh University,  previous  to  his  familiarity  with  Cortes  work, 
had  interested  himself  in  aiding  Watt — indeed  Watt  was  finan- 
cially his  debtor.  A  moment's  digression  concerning  the  rela- 
tions of  these  men,  as  also  the  moral  and  physical  aid  of  Watt  to 
Cort,  is,  I  feel,  justifiable  here.  Black  had  a  friend  and  fellow 
chemist.  Dr.  Roebuck,  engaged  in  mining  and  wrestling  with  the 
old  question  of  pumping  the  mines.  To  him  Black  introduced 
Watt  as  a  young  man  who  had  invented  a  steam  engine  of  in- 
creased power  speed  and  economy  as  compared  to  Newcomen's. 
Roebuck's  interest  was  instantly  aroused,  and,  corresponding  with 
Watt,  eventually  had  him  come  to  Kinneil  House,  Roebuck's 
Lome.  There  every  assistance  was  given  by  Roebuck.  Build- 
ings were  furnished  in  which  to  erect  a  working  engine,  the  cyliu- 
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ders  for  which  Boebuck  cast  at  the  Carron  works,  of  which  he 
was  proprietor,  and  from  which  he  sent  a  corps  of  his  best  skilled 
English  workmen  to  help  Watt.  Watt  is  described  as  a  **  sickly, 
fragile  man  and  a  constant  sufferer  from  violent  headaches.  He 
was,  by  nature,  timid,  desponding,  painfully  anxious,  easily  cast 
down.  .  .  .  On  the  other  hand.  Dr.  Boebuck  was  accustomed 
to  great  enterprises,  a  bold,  undaunted  man,  disregardful  of  ex- 
pense where  he  saw  before  him  reasonable  prospect  of  success. 
.  .  .  The  result  was  Dr.  Boebuck  eventually  became  a  partner 
in  the  invention  to  the  extent  of  two-thirds — took  upon  himself 
the  debt  owing  by  Watt  to  Dr.  Black,  and  undertook  to  find  the 
required  money  to  protect  the  invention  by  a  patent." 

Such  was  the  friend  to  whom  Black  introduced  Watt,  and  such 
was  the  moral  and  material  backing  Boebuck  gave  that  Watt,  in 
writing  to  a  friend,  says:  "I  have  met  with  many  disappoint- 
ments, and  I  must  have  sunk  under  the  burden  of  them  if  I  had 
not  been  supported  by  the  friendship  of  Dr.  Boebuck.*'  And  yet 
it  is  of  such  a  man  as  Boebuck — who  ruined  himself  financially 
with  his  tireless  energy — that  the  best  the  biographer  can  say 
in  a  Cyclopaedia  of  Biography  published  in  Glasgow  is,  "Boebuck, 
John,  a  physician  and  experimental  chemist,  bom  at  Sheffield 
in  1718,  died,  after  ruiDing  himself  by  his  projects,  in  1794." 

Such  was  the  advent  of  Watt  and  his  engine,  and  the  part  Black 
played  in  it.  The  new  invention  had  about  gained  a  fair  footing 
when  Henry  Cort  began  his  work.  Cort — the  man  with  whom 
Sir  William  Boberts  Austen  says  "  Black  was  soon  to  become 
familiar  ■' — the  man  of  whom  Watt,  in  writing  to  Dr.  Black,  says : 
"  Mr.  Cort  has  been  most  illiberally  treated  by  the  trade ;  /  shall 
he  glad  to  he  ahU  to  he  of  any  use  to  him,-- 

Of  how  great  a  use  he  really  was,  no  human  mind  can  ever 
know.  Omniscience  alone  can  measure  the  help  to  the  struggl- 
ing Cort  of  such  kindly,  sympathetic  appreciation  as  that  of  Watt. 
Watt,  of  all  men,  who,  when  struggling  in  the  initial  throes  of  his 
own  work,  had  the  friendly  interest  of  Black  and  the  broad 
shoulders  of  Boebuck  to  sustain  him.  There  was  singular  fitness 
now  that  it  should  be  this  same  Black  and  Watt,  and  the  assist- 
ance of  their  discoveries  and  inventions,  that  should  be  the  key 
for  Cort  to  open  his  own.  With  the  chemical  researches  of  Black 
and  the  steam  engine  of  Watt  ready  and  available,  Cort  went  at 
tlie  very  root  of  the  method  of  puddling  iron  and  the  machinery 
for  rolling  it. 
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Possessed  of  a  small  competency  saved  from  his  brokerage 
business  (some  <£20,000),  Cort  dedicated  the  whole  of  it  to  per- 
fecting the  processes  and  machinery  for  manufacturing  iron.  He 
leased  a  site  and  built  a  mill  at  Fontley,  near  the  government  docks 
in  Portsmouth  Harbor,  and  here,  between  1777  and  1783,  prose- 
cuted the  work  which  cxdminated  in  his  patents  for  improvements 
in  the  process  of  the  manufacture  of  iron  and  the  manipulation  of 
it  by  the  use  of  the  grooved  rolls.  There  in  those  two  obscure 
patents,  Nos.  1,351  and  1,420  of  1783  and  1784,  respectively,  are 
bound  np  the  first  real  beginnings  of  the  art  of  rolling  iron  and  steel ; 
beginnings  that  were  no  mere  fortuitous  accidental  discoveries, 
but  discoveries  made  by  a  man  who  saw  what  was  needed  and 
went  for  it  with  incisive  directness.  With  his  skilled  method  of 
*  puddling,"  an  end  came  forever  to  the  manufacture  of  iron  "  no 
longer  fit  for  the  navy's  use."  With  his  first  use  of  the  grooved 
rolls,  the  limitations  of  the  old  slow  hammer  were  burst,  and  an 
evolution  started,  the  end  of  which  is  not  yet.  It  is  impossible 
to  overstate  its  value.  At  the  very  start  it  brought  emancipation 
from  dependence  upon  Russia  and  Sweden,  aside  from  the  finan- 
cial freedom  it  secured.  Nor  from  the  standpoint  of  pounds, 
shillings  and  pence,  can  the  mind  fully  grasp  the  significance  of 
Cort's  invention.  As  early  as  1786,  only  two  years  after  the  date 
of  the  patents,  Lord  Sheffield  said :  "  If  Mr.  Cort's  very  ingenious 
and  meritorious  improvements  in  the  art  of  making  and  working 
iron,  the  steam  engine  of  Boulton  and  Watt,  and  Lord  Dundon- 
ald's  discovery  of  making  coke  should  all  succeed,  it  is  not  assert- 
ing too  much  to  say  that  the  result  will  be  more  advantageous  to 
Great  Britain  than  the  possession  of  the  thirteen  colonies  [of 
America]." 

An  invention  which  in  two  years  was  able  to  throw  a  searchlight 
into  the  future  and  reveal  possibilities  calling  forth  such  an  utter- 
ance must  be  stamped  as  something  more  than  ordinary.  In 
1865,  about  eighty-two  years  after  Cort's  invention,  William  Fair- 
bairn  said  :  "  Henry  Cort's  inventions  have  conferred  an  amount  of 
wealth  on  Great  Britain  equal  almost  to  six  hundred  million  ster- 
ling, and  have  given  employmeut  to  six  hundred  thousand  men." 
Surely  such  declarations  justify  the  assertion  of  kinship  between 
the  development  of  the  rolling  mill  and  that  of  the  nation. 

The  temptation  is  strong  to  trace  in  detail  the  tragic  career  of 
poor  Cort,  but  it  is  not  within  the  limits  or  purpose  of  this  paper 
to  do  so.     I  may,  however,  briefly  say  that,  reaching  the  limits  of 
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his  twenty  thousand  pounds,  he  entered  into  that  fatal  partnership 
with  the  Jellieoes,  by  which  the  capital  of  the  father,  Adam  Jel- 
licoe  (then  Deputy  Paymaster  in  the  Navy),  was  put  into  the 
business.  Cort's  patents  were  assigned  to  Jellicoe  as  collateral, 
and  later  were  confiscated  by  the  government  upon  the  discovery 
of  Adam  Jellicoe's  defalcation,  and  that  the  capital  advanced  by 
him  had  been  taken  from  government  funds. 

His  biographer  says  "  He  may  be  said  to  have  been  .  .  • 
the  author  of  our  modern  iron  aristocracy.  These  men  of  gigan- 
tic  fortunes  have  owed  much — we  might  almost  say  everything — 
to  the  ruined  projector  of  *the  little  mill  at  Fontley.'  Their 
wealth  has  enriched  many  families  of  the  older  aristocracy  and 
been  the  foundation  of  several  modern  peerages,  yet  Henry  Cort, 
the  rock  from  which  they  were  hewn,  is  already  all  but  forgotten. 

.  .  He  has  been  the  very  Tubal  Cain  of  England  .  .  . 
and  while  the  great  iron  masters,  by  freely  availing  themselves 
of  his  inventions,  have  been  adding  estate  to  estate,  the  only 
estate  secured  by  Henry  Cort  was  the  little  domain  of  6  feet  by 
2  in  which  he  lies  interred  in  Hampstead  Churchyard." 

I  may  say  that  it  was  my  pleasure  during  the  recent  trip  of  the 
Society  abroad  to  have  had  made  a  photograph  of  "  the  little 
domain  <»f  6  feet  by  2  ...  in  Hampstead  Churchyard." 
The  markings  on  the  headstone  were  much  obscured,  but  by  a 
little  eflfort  they  were  cleared  and  a  satisfactory  photograph 
obtained. 

I  have  felt  it  to  be  of  interest,  and  worthy  the  emphasis  given, 
to  outline  tljus  the  life  of  a  man  with  whose  work  the  real  art  of 
rolling  began.  Before  Cort's  time,  strictly  speaking,  there  was  no 
sucli  thing  as  the  manufacture  of  bar  iron  by  rolling,  although  it 
is  but  JQst  to  say  that  Christopher  Polhem  of  Sweden,  who  had 
done  valuable  work  with  plain  rolls,  anticipated  in  his  writings 
the  possibilities  of  grooved  rolling,  stating,  in  substance,  that 
financial  and  other  limitations  restrained  him  and  that  it  must  be 
left  for  others  to  work  out.  Cort  was  the  man  who  worked  it  out. 
The  art  as  he  found  it  was  simply  the  crude  refinement  of  the 
pig  iron  in  small  quantities  into  the  wrought  iron  mass — its  man- 
ufacture into  bars,  alone  by  hammering — with  a  finishing  pass 
between  plain  rolls  for  uniform  thickness  before  cutting  in  the 
ordinary  slitting  mill. 

Cort  reorganized  the  whole  scheme — metallurgically  and  me- 
chanically.    Laying  the  foundation  of  modern  puddling — minimiz- 
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ing  the  use  of  the  hammer  and  practically  discarding  its  use  for 
finished  work,  he  took  his  refined  mass  at  once  to  his  grooved 
paddling  rolls  and  thence  on  to  the  finishing ;  using,  as  be  says  in 
Lis  patent,  "  a  groove  of  the  required  diameter  when  the  iron  is 
designed  for  bars,  half  flats,  or  thimble  iron,  either  plain  for 
squares  and  flats,  or  concave  for  bolts  and  the  like." 

Then,  for  the  first  time,  the  infant  industry  for  rolling  stood 
alone,  all  before  had  been  but  gathered  strength  for  taking  the 
first  step.  To  trace  minutely  its  growth  would  fill  volumes.  As 
an  index  of  immediate  effects  of  Cort's  improvements,  take,  for 
example,  the  work  of  Bichard  Crawshay,  one  of  the  first  iron 
masters  to  appreciate  and  adopt  them.  In  1787  he  was  strug- 
gling away  at  Cyfartha,  making,  under  the  hammer,  barely  10 
tons  of  bar  iron  per  week,  and  that  none  too  good;  yet  in  1812 
(twenty-five  years  later),  in  a  letter  read  before  the  House  of 
Commons,  describing  his  process,  he  states :  "  I  took  it*from  a  Mr. 
Cort,  who  had  a  little  mill  at  Fontley,  in  Hampshire,  .... 
by  which  I  am  now  making  more  than  10,000  tons  of  bar  iron  per 
annum  "  (equivalent  to  200  tons  per  week).  From  thence  on,  these 
outputs  have  mounted  up  until,  in  the  United  States  alone,  there 
were  rolled  in  the  year  1890  (excluding  all  flat  roll  products) 
about  5,000,000  tons  of  iron  and  steel — equivalent  to  100,000 
tons  per  week,  and,  in  1899,  over  8,000,000  tons — equivalent  to 
167,000  tons  per  week,  every  pound  of  which  passed  through 
grooved  rolls  like  those  first  used  in  the  "  little  mill  at  Fontley." 

The  mill  used  by  Cort  was,  of  course,  of  the  ordinary  2-high 
type.  Modification  after  modification  succeeded  Cort's  2-high  mill, 
calling  forth  all  sorts  of  types,  kinds,  and  classes,  among  them 
the  familiar  reversing  and  3 -high  mills,  all  evolved  by  the 
demands  of  advancing  civilization  in  ever  varying  and  countless 
combinations,  for  something  bigger  and  better,  longer  and 
stronger. 

The  Continuous  Mill. 

It  has  been  the  privilege  of  the  writer  to  have  been  allowed  to 
add  his  contribution  to  this  development  of  the  rolhng  mill ;  to 
have  shared  in  aiding  the  development  of  that  type  of  mill  known 
as  continuous  mill,  and  the  large  family  of  auxiliaries  that  have 
grown  up  about  it.  Like  all  inventions,  it  had  its  day  of  small 
beginnings.  There  are  footprints  of  tentative  eflforts  made  in 
France  to  use  it.     The  first  recorded  patent  and  first  actual  use 
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seems  to  have  been  that  of  an  AmericaD,  J.  E.  Serrell,  in  1842-43. 
Its  use  was,  however,  restricted  by  him  to  the  rolling  of  lead  pipe 
and  copper,  and  with  his  efforts  his  use  of  the  mill  ceased.  His 
countrymaD,  Henry  B.  Comer,  in  1859,  secured  a  patent  for  a 
continuous  mill,  but  never  constructed  one  of  this  type. 

Like  Cort*s  invention,  other  men  thus  had  their  hand  on  the 
tiller  before  the  captain  grasped  it.  By  every  consideration,  the 
credit  for  first  impressing  the  continuous  mill  into  the  service  of 
rolling  iron  and  steel,  for  successfully  combining  its  essential 
elements,  and  for  gaining  it  the  wide  application  it  now  enjoys,  is 
due  to  Mr.  George  Bedson  of  Manchester,  England.  He  first  made 
the  mill  go. 

This  mill,  as  its  name  implies,  works  continuously  upon  the 
metal.  The  rolls  are  placed  closely  in  tandem  and  the  metal  led 
by  means  of  guides  directly  from  pass  to  pass,  without  the  inter- 
vention of  any  human  labor.  There  are  no  interruptions,  no 
catching  or  looping,  but  a  continuous  onward  transit  of  the  metal 
from  the  bite  of  the  roughing  rolls  to  the  discharge  of  the  finish- 
ing. Each  pair  of  rolls,  by  carefully  arranged  gearing,  being 
speeded  according  to  the  reduction  of  each  successive  pass,  to 
take  up  the  corresponding  elongation.  Phenomena  peculiar  to 
this  mill  had  to  be  combated,  but  the  door  was  at  once  opened 
for  vastly  increased  lengths,  weights,  and  speeds.  Europe,  at 
that  time,  was  rolling  easily  50-pound  billets  by  the  Belgian  or 
Looping  System ;  the  United  States  but  15  pounds  on  ordinary 
2  and  3-high  mills.  The  Bedson  Mill  at  once  handled  from  70 
to  80  pounds  (which  was  rapidly  increased  until  to-day  300- 
pound  billets  are  commonly  rolled). 

The  Hon.  Abram  S.  Hewitt,  statesman,  iron  master,  and  wire 
manufacturer,  speaking  of  this  in  his  report  as  United  States 
Commissioner  to  the  Universal  Exposition,  at  Paris,  in  1867,  says: 
^'  Generally  there  may  be  said  to  exist  a  prevailing  willingness 
and  practice  in  the  European  works  to  handle  iron  in  lai^er 
masses  .  .  .  than  we  do  in  the  United  States.  .  .  .  wire 
rods  are  frequently  to  be  found  in  the  departments  ranging  from 
30  to  50  pounds  in  weight,  rolled  in  trains  ...  no  greater 
in  speed  than  we  employ  in  the  United  States  for  15-pound 
billets.  .  .  .  but  the  most  remarkable  specimen  of  rolling 
was  in  tlie  English  department  exhibited  by  Richard  Johnson 
and  Nephew,  of  Manchester,  in  the  shape  a  coil  of  No.  3  wire 
rod,  weighing  281  pounds,  in  length  530  yards,  rolled  from  a 
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single  billet.     .     .     .     This  wonderful  specimen  of  wire  rod     .     . 
was  rolled  in  a  machine  invented  by  George  Bedson.*' 

The  first  of  these  continuous  mills  erected  in  the  United  States 
was  at  the  works  of  the  Washburn  &  Moen  Manufacturing  Com- 
pany,  Worcester,  Mass.  Mr.  Ichabod  Washburn,  the  founder  of 
that  company,  recognizing  the  gi*eat  possibilities  of  this  mill, 
negotiated  with  Mr.  Bedson  for  one  of  them,  and  assumed,  person- 
ally, the  entire  financial  risk  of  the  venture. 

In  the  spring  of  1869  this  mill,  designed  and  constructed  by 
Mr.  Bedson,  was  erected  and  put  in  operation,  under  the  super- 
vision of  the  writer,  at  the  Washburn  &  Moen  Company's  works, 
of  which  he  was  then  general  superintendent.  This  mill  is  shown 
in  Fig.  1,  and  consisted  of  16  stands  of  rolls  placed  in  tandem, 
and  rolled  l|^-inch  billets,  weighing  from  70  to  80  pounds.  For 
the  general  reader,  I  may  say  that  it  is  evident  that  continuous 
rolling  of  a  billet  in  a  plane  always  at  the  same  angle  to  its  axis, 
would  produce  flattening  of  the  mass  only.  To  obtain  elongation, 
compression  in  planes  varying  in  angle  with  that  of  the  axis  is 
necessary,  similar  to  the  rotation  of  the  metal  by  the  blacksmith 
upon  the  horn  of  the  anvil  between  each  successive  blow.  In 
Mr.  Bedson's  mill  this  was  accomplished  by  placing  each  pair  of 
rolls  (after  the  manner  of  the  universal  mill)  at  an  angle  of  90 
degrees  to  its  predecessor.  This  secured  the  desired  end  per- 
fectly, but  entailed  vast  annoyance  in  the  care  and  management 
of  the  mill.  By  it  was  necessitated  the  use  of  one  system  of 
gearing  above  the  floor  line  and  another  in  a  pit  below  it.  Acces- 
sibility to  these,  as  also  to  the  rolls  themselves,  in  changing  and 
adjusting,  was  seriously  impeded.  In  the  next  continuous  mill, 
Fig.  2,  which  was  designed  by  the  writer  in  1878,  and  used  by  him 
at  the  Washburn  &  Moen  Company's  works,  all  rolls  were  placed 
in  a  horizontal  plane,  all  the  gearing  in  a  single  plane,  and  the 
very  essential  requisite  of  varying  the  plane  of  compression  secured 
by  the  use  of  twist  guides,  whereby  the  metal  was  turned  90 
degrees  in  travelling  between  each  successive  pass ;  a  device  uni- 
versally adopted  in  these  mills. 

It  would  be  quite  impossible  to  trace  each  minute  development. 
As  in  all  new  things,  surprises  constantly  had  to  be  met  and  over- 
come. Nicety  of  adjustment  became  inseparably  a  feature  of 
the  system.  Exactitude  in  the  corresponding  speed  and  passes 
of  the  rolls  was  difficult.  Without  it  one  of  two  things  was  inevi- 
table— delivery  to  a  pass  faster  than  its  capacity  to  receive  it. 
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producing  lateral  looping ;  or  slower  than  its  capacity  to  receive 
it,  producing  stretching.  Of  the  two  alternatives,  the  latter  was 
preferable,  for  the  relief  by  looping  was  interfered  with  by  the 
guides — it  was  cumulative  in  effect,  and  attended  with  serious 
menace  to  the  safety  of  the  mill  and  its  operatives.  Stretching, 
however,  threw  a  demand  upon  the  heated  metal  greater  than 
many  grades  of  good  iron  could  withstand,  by  reason  of  their  low 
tensile  strengths  and  lack  of  homogeneity.  For  this  reason  the 
use  of  the  continuous  mill,  as  originally  installed,  was  greatly 
lessened  in  rolling  common  grades  of  iron ;  so  much  so,  that  the 
next  mill  built  by  the  Washburn  &  Moen  Company,  in  1877,  was 
a  3-Iiigh  mill  adapted  to  the  Belgian  system.  The  improvements 
in  Bessemer  and  Open  Hearth  steels,  with  their  greater  tensile 
strength  and  homogeneity,  ultimately  brought  a  product  for 
rolling  for  which  the  continuous  mill  was  well  adapted. 

Belgian  or  Looping  System. 

With  increase  in  weight  and  decrease  in  the  section  of  the  fin- 
ished product  there  arose  the  practice  of  contimwus  or  simuU 
taneous  rolling  of  the  metal  in  3-high  mills  by  serpentine  loop- 
ing on  each  side  of  the  mill.  This  was  distinguished  from  the 
"  back  and  forth  "  rolling,  in  which  the  metal  was  discharged  free 
from  the  rolls  at  each  pass.  This  type  of  mill  was  used  by  Europe 
before  the  United  States  adopted  it — presumably  first  in  Belgium, 
the  name  "  Belgian  "  having  come  to  be  understood  as  meaning 
a  looping  mill.  It  was  the  use  of  these  mills  which  for  some  time 
enabled  the  European  manufacturers  to  roll  the  30  and  50-pound 
billets  referred  to  by  Mr.  Hewitt  while  we  were  rolling  but  15 
and  20  pounds  on  the  "  back  and  forth "  3-high  mills.  It 
was  a  mill  of  this  Belgian  type  which  was  first  designed  and 
erected  by  the  writer  to  follow  the  original  Bedson  continuous 
mill,  as  already  mentioned.  A  plan  of  this  mill  is  shown  in  Fig. 
3.  It  is  believed  that  this  was  the  first  "  Belgian  *'  mill  erected 
in  the  United  States,  although  other  mills  were  erected  at  or 
about  that  time  by  others.  At  all  events  it  was  one  of  the  very 
first  of  these  mills  thoroughly  carried  out  and  put  in  for  perma- 
nent and  effective  service  in  this  country.  The  roughing  was 
done  on  a  2-high  mill  capable  of  handling  4-inch  billets,  reduc- 
ing to  1^  inches.  From  this  size  it  went  to  the  looping  or  Bel- 
gian mill,  and  rolled  to  the  ordinary  wire  rod.  This  system  is 
now  used  quite  largely  in  this  country  for  rolling  wire  rods. 
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Combination  (Continuous-Belgun)  Mnxa 

The  combination  or  joint  continuous-Belgian  mill  (Fig.  4)  was 
an  effort  on  the  part  of  the  writer  to  secure  a  consolidation  of  the 
merits  of  both  systems.  A  mill  of  this  type  was  put  in  operation 
l)V  the  writer  in  1881  at  the  works  of  the  Washburn  &  Moen 
Company.  It  roughed  billets  of  about  100  pounds  in  weight 
from  1  3-16  inches  to  f  inches  on  the  continuous  mill,  and  finished 
from  f  inches  on  the  Belgian  mill  to  the  ordinary  wire  rod.  This 
was  the  first  mill  of  this  type  built  in  this  country,  or  in  any 
country.  One  of  the  chief  merits  of  this  system  is  that  it 
rolls  common  iron  equally  as  well  as  does  the  looping  or  Belgian 
system,  and  that,  too,  with  less  labor.  It  has  since  been  adopted 
by  the  advocates  of  the  Belgian  system  as  a  compromise  recogni- 
tion of  the  claims  and  merits  of  the  continuous  plan. 

With  increase  in  size  and  weight  of  billets,  as  has  been  said, 
the  accessories  of  the  mill  began  to  grow,  although  the  need  for 
something  new  at  the  delivery  end  of  the  mill  soon  followed.  The 
leap  from  billets  and  coils  of  15  and  20  pounds  to  those  of  70 
and  80  forced  a  "  policy  of  expansion."  The  mill  itself  had  un- 
developed capacity — the  limitation  lay  in  the  heating  and  reeling, 
two  collateral  functions  of  the  mill  which  have  had  a  rapid  and 
interesting  growth. 

Heating. 

Heating  in  Cort's  time  had  probably  been  done  in  some  form 
of  *'  direct-fired  "  furnace  (similar  to  an  ordinary  puddling  furnace), 
the  metal  charged  and  discharged  from  the  same  door.  These 
furnaces  were  in  every  way  extravagant,  consuming  large  quan- 
tities of  fuel,  most  of  the  heat  being  lost  up  the  chimney ;  a 
heavy  percentage  of  the  metal  was  lost  by  oxidation,  and,  in 
later  years,  the  higher  carbon  steels  were  seriously  injured  by 
the  abruptness  with  which  they  were  exposed  to  the  full  intensity 
of  the  lieai 

In  course  of  time  there  developed  a  class  of  furnaces  known  as 
"  gas-fired  "  (as  distinguished  from  direct-fired).  Heating  was 
obtained  by  the  combustion  of  "  producer  gas  "  (a  gas  obtained 
bv  the  distillation  of  coal). 

Fuel  economy,  intensity  of  heat,  and  facility  of  regulation  were 
important  advantages  of  tliis  method  of  heating.  The  chief  ad- 
vantage, however,  lay  in  the  ease  with  which  an  "oxidizing"  or  a 
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"  reiliiciDg  "  flame  could  be  secured,  for  by  it  the  oxidizing,  or 
"  scale-waste"  of  direct-firing,  was  very  materially  reduced. 

Modifications  of  these  furnaces  followed,  until  two  general  types 
came  into  accepted  use — the  "Ekman  continuous"  and  the 
"  Siemens  regenerative."  Both  were  gas-fired,  and  therefore  had 
all  the  general  advantages  of  that  method  of  firing;  but  both 
aimed  HpecificaUy  at  greater  efficiency  by  utilizing  the  waste  heat 
escaping  with  the  products  of  combustion.  They  aimed  at  the 
same  thing,  but  effected  it  quite  differently.  The  Siemens  regen- 
erative (the  last  in  point  of  time — 1856 — but  the  first  to  be  gen- 
erally accepted)  secured  "  regeneration "  by  causing  the  waste 
heat  on  its  way  to  the  stack  to  pass  through  the  interstices  and 
to  be  absorbed  by  fire-brick  "checker-work"  placed  in  suit- 
able chambers.  Alternation  in  heating  the  checker-work  was 
had  between  two  pair  of  these  chambers,  through  which  the  in- 
flowing gas  and  air,  respectively,  passed  on  their  way  tQ  the 
furnace,  absorbing  the  heat  of  the  fire-brick  checker-work,  uniting 
at  a  high  temperature  with  a  high  resultant  flame.  These  fur- 
naces stood  in  great  favor,  and  deservedly  so,  for  steel  making, 
but  they  had  disadvantages  for  reheating  cold  metal.  Charged 
and  discharged,  as  they  were,  from  the  same  door,  there  was 
often  confusion  in  the  order  and  system  of  receipt  and  delivery, 
the  last  billet  in  often  being  the  first  one  out  (something  like  the 
experience  our  steel  friends  have  when  order  and  sequence  at 
the  soaking-pits  is  disturbed  and  uncertainty  exists  as  to  which 
ingot  should  come  next).  But  above  all  was  the  disadvantage  of 
exposing  the  cold  steel  to  the  full  intensity  of  the  heat.  Efforts 
have  been  made  to  overcome  this  by  the  use  of  two  furnaces  of 
high  and  low  temperature,  respectively  ;  but  the  neatest,  simplest, 
and  most  effective  design  for  securing  this  end  has  been  that  of 
Gustave  Ekman,  of  Sweden  (1843),  nor  was  the  element  of  ab- 
sorption of  waste  heat  neglected.  The  very  same  design  is  made 
to  do  double  duty  and  secure  both  ends,  and  therein  lies  the 
great  beauty  and  adaptability  of  these  furnaces.  For  regenera- 
tion, or  recoupment  of  the  heat,  Siemens  depended  upon  the 
absorptive  action  of  the  fire-brick,  from  whence  it  was  returned  to 
the  furnace.  Ekman  at  once  made  the  oncoming  rnetal  itself 
absorb  the  escaping  heat,  an  arrangement  in  itself  manifestly 
simple  and  effective,  but  vastly  so  in  the  light  of  the  fact  of  the 
greater  absorptive  capacity  of  the  metal  over  the  fire-brick. 

Nor  does  Ekman  stop  here.     After  running  the  gauntlet  of  the 
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cooler  billets,  the  heat  is  met  by  a  "  stove,"  or  similar  device, 
placed  in  the  stack,  by  which  further  reteotioa  of  .the  heat  was 
secnred  and  nsed  in  healing  the  air-blasi.  Sach  a  fuTDace  is 
shown  in  Figs.  5  and  6.  Length,  it  will  be  seen,  is  a  distinguish- 
ing feature — it  might  almost  be  said  to  be  a  part  of  the  stack 
placed  horizontally.  The  billetR  are  chained  at  the  cooler,  and, 
by  gradations  approach  the  higher  heaL     With  high  carbnn  Rteel 


Pio.  6.— Ekuah  Ftrnacr. 

this  is  absolutely  imperative,  aud  desirable  with  any  metal.  It 
might  almost  be  said  to  be  a  simultaneous  heating  and  "  soaking  " 
effect,  to  use  a  steel-maker's  term — the  billet  delivered  ready  and 
in  perfect  condition  for  rolling. 

In  connection  with  this  quasi  "soaking"  feature  lies  that  of 
absorption  of  the  waste  heat.  Ekmiin,  as  will  be  seen  from  the 
illustration  shown,  places  a  second  low  bridge  wall  transversely 
across  the  furnace  bed  (Fig.  5).  This  retards  and  tends  toward 
confinement  of  the  beat  at  tlie  hot  end.  Escaping  over  the 
bridge,  the  heat  envelops  and  is  either  absorbed  by  the  long  line 
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of  oncoming  biUeis,  or,  passing  them,  is  arrested  by  the  stove  in 
the  stack.  Gradation  in  heating  and  passage  of  the  bridge  was 
effected  by  withdrawal  and  insertion  of  the  billets  at  the  side 
doors  shown.  In  a  modification  of  this  fomace,  called  the  ^'  roll 
oven,"  seen  by  the  writer  at  Hoerde,  Germany,  about  1880,  this 
was  effected  by  giving  the  billets  an  octagonal  section,  and  rolling 
them  the  entire  length  of  the  furnace  by  barring  through  lateral 
doors.     In  all  these  furnaces,  the  bottoms  were  of  sand. 

A  decided  improvement  in  effecting  the  transit  of  the  metal 
was  that  made  by  William  D.  Allen  about  twenty  years  ago,  then 
general  superintendent  of  the  Henry  Bessemer  Works  at  Shef- 
field, England.  Mr.  Allen  placed  the  metal  on  skids  made  of 
wrought-iron  pipe  protected  from  burning  by  maintenance  of  a 
water  circulation  through  them.  This  was  a  decided  improve- 
ment, dispensing  with  barring,  lessening  the  friction,  and  made 
possible  the  movement  of  the  entire  mass  of  billets  onward  by  a 
hydraulic  pusher,  which  he  placed  at  the  chai'ging  end  of  the 
furnace. 

From  this  point  on,  the  manifest  advantages  of  this  type  of 
furnace  have  claimed  attention,  and  caused  a  rapid  growth  and 
development  of  important  modifications.  Two  of  these,  designed 
by  the  writer,  are  here  shown,  the  "  gravity  discharge  "  (Figs.  7 
and  8),  and  the  "  suspended  roof  "  furnaces  (Figs.  9  and  10).  Both, 
as  will  be  seen,  have  all  the  essentials  of  the  Ekman- Allen  furnace. 
In  the  former  (gravity  discharge)  the  billets  are  pushed  to  the 
hottest  zone  of  the  furnace,  from  which  they  descend  by  an  in- 
cline (set  at  an  angle  greater  than  the  angle  of  friction)  to  the 
feed  rolls  and  thence  on  to  the  mill,  thus  avoiding  the  slow  and 
laborious  operation  of  barring  the  metal  out  employed  in  the 
Allen  and  other  furnaces.  The  inclination  upward  of  the  furnace 
bed  is  given  to  secure  the  gravity  discharges  at  a  point  above  the 
floor  line  instead  of  below  it,  as  would  be  necessary  if  the  bed 
was  horizontal.  Great  furnace  capacity  can  be  secured  by  plac- 
ing a  series  of  these  furnaces  side  by  side,  fed  from  the  billet 
pile  by  a  common  conveyor  in  the  rear,  and  all  discharging  by 
gravity  upon  a  common  system  of  feed  rolls  for  delivery  to  the 
mill  as  shown  in  Fig.  8. 

In  the  feed  roll  system,  shown  in  Fig.  8,  the  delivery  rolls  are 

conical,  with  an  extension  of  lesser  diameter  and  consequent  lesser 

surface    speed.     The  cold  billets  retained  by  lateral  guides  are 

conveyed  on  the  inclined  surfaces  of  the  rolls  until  at  or  near  the 
4 
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furnace,  where  the  guides  are  "  switched  "  or  withdrawn,  and  the 
billets  allowed  to  fall  and  trarel  at  the  slower  speed  upon  the  small 
ends  of  the  roll  below,  being  brought  to  a  standstill  by  any  suit- 
able sto]). 

The  development  of  the  suspended  roof  faraace  was  an  out- 
giowth  of  the  necessity  for  using  billets  small  in  section  but  long 
in  length.  Experience  has  shown  that  in  rolling  finished  products 
of  small  sectiou,  complete  uniformity  was  obtained  with  less  loss 
from  oxidation  by  the  use  of  billets  correspondingly  small  in  sec- 
tion than  by  using  shorter  lengths  of  larger  section.  The  usual 
length  of  billet  for  the  "  suspended  roof  furnace  "  is  30  feet,  tlie 
length  suited  to  the  ordinary  freight  car. 

The  necessity  of  lateral  presentment  of  billets  to  flame  for  uni- 
form heating  I  have  already  shown.  To  effect  this,  therefore, 
with  a  30-foot  billet  called  for  corresponding  increase  in  fnmace 
tiyidOi :  length  had  already  reached  30  to  50  feet  for  securing  con- 
tinuous and  gradual  heating.  To  support  a  roof  suitably  over 
^^^^^^  Bnch  dimensions  necessitated  something  more  than  the  means 
^^^^^H  ordinarily  used.  The  writer  devised  a  roof  consisting  of  a  series 
^^^^^f  of  arches  supported  by  skewbacks.  suspended  from  transverse 
^^B  girders  restiug  upon  the  furnace  walls ;  suspension  being  had  b)- 

^H  attachment  to  water  pipes  running  through  the  skewbacks  (Fig.  9). 

^H  This  roof  has  bad  a  thorough  practical  test  for  five  years  past, 

^B  and   has  worked  quite  satisfactorily.     The   essential   points   of 

^M  Ekman   and  Allen  are  easily  recognized  in  it,  except  that  heat 

^B  localization,  which  Ekman  secnred  by  his  second  bridge  wall,  is 

^H  here  obtained  by  the  reverberatory  efiect  of  the  roof  arches,  and 

^H  the  water-pipe  skids  of  Allen  are  confined  to  the  coot  end  of  the 

^H  furnace  only,  by  looping  back,  though  in  some  instances  they 

^1  have  been  deflected  downward  tbrongh  the  bed. 

^H  The  method  of  chaining  these  furnaces  i&  shown  in  Fig.  10, 

^H  the  billets   being  run  into  the  furnace  in  the  direction  of  their 

^H  length  (not  broadside,  as  in  former  Ekman- Allen  furnaces).     They 

^H  are  presented  gradually  broadside  to  tbe  hottest  zone,  and  dis- 

^1  chained  again  longitudinally  ;  a  power  pusher  starting  them  for- 

^H  ward  to  the  bite  of  the  rolls,  which  are  ]>laced  close  to  the  furnace 

^H  door.     Special  reference  is  due  to  the  ease  with  which  repairs  to 

^B  this  roof  can   be   made  without   material   interference  with   its 

^B  structure.     Parts  of  the  arches  or  skewbacks  can,  with  perfect 

^^  ease,  be  taken  out  and  replaced  witliout   affecting  contiguous 

^^^^^    parts,  these  roofs  ha^-iug  enough  spring  and  flexibility  to  adapt 
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tbemselves  to  the  stress  of  beating  and  cooling,  or  to  aoj  ordinary 
strain.  Tliey  are,  in  addition  to  the  pnrpoBes  above  outlined, 
well  adnjjted  for  beating'  sacli  long  pieces  as  old  rails  for  re-rolling. 


Increase  in  weight  from  the  15  and  20-ponnd  billets  rolled  in 
the  old  mills  to  the  TO  and  80<poand  billets  rolled  in  the  original 


Fio,  10.— Mob  (I  A  M 


Bedsou  continaouB  mill  forced  improvementB  in  reeling.  The  old 
hand  reels  were  tried,  but  the  labor  was  too  exhausting,  and  even 
when  used  they  cramped  and  hampered  the  full  efficiency  of  the 
continuous  mill. 

A  power  traction  reel,  as  shown  in  Fig.  11,  was  designed  and 
used  by  the  writer  in  1869.  It  worked  well,  but  its  capacity 
was,  after  a  time,  exceeded,  With  the  ever-increasing  length  and 
weight  of  coils,  new  factors  had  to  bo  reckoned  with.     Originally, 
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wire  rods  were  dischftrged  and  spread  over  an  expanse  of  iron 
flooring — the  free  end  inserted  by  an  attendant  into  the  leel, 
which  was  speeded  to  overtake  the  roll  discharge  and  gather  tiie 
accnmolated  loops  from  the  floor.  The  great  floor  space  required 
for  the  larger  coils — the  high  reeling  speed  required  for  "  take- 
np  " — the  danger  to  attendants  and  loss  from  entanglement — these 


Fig.  13. — IIoroas  Automatic  Pouring  Rod  Reel. 

and  other  difficolties  gradually  forced  this  reel  aside.  The  writer 
designed  and  ased  at  the  works  of  the  Washbom  &  Moen  Man- 
nfacturing  Company  a  reel  SDcb  as  shown  in  Fig.  12. 

The  automatic  pouring  reel.  Fig.  12,  lias  a  hollow  vertioal  abaft, 
on  the  upper  end  of  which  w»s  fastened  a  disk.  Near  the  outer 
od    I  of  the  disk  a  row  of  upright  pins  were  attached  thereto, 

arer  the  centre  of  the  shaft,  and  about  six  inches  from  the  per- 
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iphery  was  a  second  row  of  upright  pins.  This  reel  was  provided 
with  another  disk  or  platform  attached  to  a  shaft,  which  was 
inserted  and  projected  through  the  shaft  of  the  reel ;  at  the  lower 
end  thereof  was  a  hydraulic  cylinder  and  piston  for  moving  the  last- 
named  lifting-platform,  and  for  the  removal  of  the  rods  after  reel- 
ing. Between  the  two  rows  of  pins  the  wire  rod  was  coiled  as  it 
iBsaed  from  the  finishing  rolls  of  the  mill,  and  conducted  through 
a  pipe  which  guided  it  to  the  reel  The  operation  was  somewhat 
like  pouring  a  small  stream  of  water  into  a  revolving  tub.  All 
the  difficulties  of  floor  looping  were  eliminated  by  placing  the  reel 
close  to  the  finishing  rolls. 

This  reel  has  been  almost  exclusively  used  by  the  Washburn 
A  Moen  Manufacturing  Company  in  connection  with  its  mills. 
It  is  properly  a  landmark  in  the  evolution  of  automatic  power 
reels.  Like  Cort's  invention,  however,  the  child  was  so  attractive 
that  rival  claims  of  parentage  contested.  With  varying  successes, 
they  were  carried  through  courts  of  minor  jurisdiction  until  the 
Supreme  Court  of  the  United  States,  with  the  wisdom  and  equity 
of  a  Solomon,  refused  to  divide  the  child,  and  irrevocably  awarded 
it  to  the  writer  as  his  own. 

Another  form  of  reel  designed  by  the  writer  and  one  of  his  asso- 
ciates was  the  "  laying  "  or  "  whirling  pipe  "  reel.  As  the  name 
would  indicate,  the  wire  rod  was  laid  in  a  receptacle  by  means  of 
a  rotating  pipe.  These  reels  were  not  used  by  the  Washburn  & 
Moen  Manufacturing  Company,  but  received  a  most  flattering 
compliment  and  endorsement  from  the  wire-rod  fraternity  by  the 
very  general  way  in  which  they  were  appropriated  and  used  with- 
out so  much  as  "  by  your  leave,  sir."  A  singular  incident  to  this 
method  of  reeling  was  the  gradual  spiral  twist  given  to  the  rod — 
thought,  at  first,  objectionable.  It  appeared  in  time,  however, 
that  imperfections  in  the  rod  by  "under  or  over  filling"  in  the 
rolls  were  thus  distributed  spirally  upon  the  rod,  and  not  straight 
and  longitudinally.  The  inventors  builded  better  than  they  knew, 
for  by  this  quality  the  excessive  wear  upon  the  die  in  cold  draw- 
ing was  distributed  around  its  inner  surface,  and  not  confined  to 
wearing  and  cutting  at  one  point. 

Accessories. 

I  have  already  noted  the  influence  upon  development  of  the 
demand  for  greater  things.  The  design  of  the  mill  and  the  ac- 
cessories about  it  soon  came  to  have  the  imprint  of  the  specific 
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use  intended.  Little  by  little  the  limitations  of  human  endur* 
anoe  were  reached.  With  each  new  device  there  still  lingered 
enough  of  direct  human  labor  to  fatigue  and  hinder.  All  these, 
had  to  stand  aside,  until  the  function  of  labor  has  become  lai^ely 
supervisory  and  directory^  rather  than  executory. 

Originally,  the  fumace  and  the  miU^  the  heating  and  the  roU 
ing,  comprised  the  whole.  To-day,  appliances,  formerly  mere  con- 
venient accessories,  have  risen  to  the  dignity  of  indispensable 
parts.  Human  nature  and  the  native  distaste  for  physical  effort 
could  fairly  be  counted  upon  to  prompt  some  mechanical  relief, 
but  something  more  than  love  of  ease  and  relief  from  labor  in- 
spired the  growth  of  the  modem  accessories.  Necessity  forced 
the  iss^ie ;  developing  the  beautiful  adjuncts  now  inseparably  a 
part  of  every  modem  mill. 

Stand  before  one  of  Mr.  Carnegie's  magnificent  mills  and  watch 
the  great  glowing  mass  come  on,  over  the  feed  rolls,  from  some* 
where — actuated  by  something — enter  the  rolls,  be  lifted,  turned, 
and  carried  on  the  feed  table,  operated  by  somebody,  discharged, 
and  sent  out  and  away,  on  the  automatic  carriers,  a  finished  billet, 
plate  or  beam.  How  many  men  would  it  take,  and  how  long 
would  it  take  them,  to  do  the  work  that  has  been  done  by  the 
"  mere  accessory  "  ?  How  much  would  the  mill  have  rolled  with- 
out it? 

I  have  already  shown  how  the  capacity  of  the  continuous  mill 
for  rolling  greater  wire  rod  products  forced  an  evolution  in  its 
accessories.  Nowhere  has  this  been  greater  than  in  the  mills 
built  for  miscellaneous  uses.  In  and  around  the  Pittsburg  dis- 
trict, continuous  mills  have  in  recent  years  found  great  favor 
for  rolling  such  products  as  merchant  steel,  billets,  hoop,  and  cot- 
ton tie,  etc.  Continuity  of  operation  has  been  the  touchstone 
throughout.  Here  again,  however,  length  of  the  finished  product 
forced  recognition.  A  6,000-pound  ingot  with  the  initial  heat  of  the 
converter,  without  reheating,  is  easily  rolled  directly  and  continu- 
ously to  IJ-inch  square  bar.  When  so  rolled  it  involves  a  length 
of  nearly  800  feet ;  luxury  of  yard  room  to  accommodate  which 
few  mills  can  afford  to  give.  Handling  the  straight  800-foot 
product  was  impracticable ;  reeling  it  equally  so  and,  in  fact,  un- 
desired.  Stoppage  of  the  moving  metal  by  fixed  cutters  during 
delivery  from  the  rnill  there  could  not  be,  with  the  attendant 
buckling  of  the  oncoming  mass.  To  meet  the  requirements,  a 
shear,  shown  in  Fig.  13  (called  by  the  workmen  the  flying  shear) 
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was  designed  by  an  associate  of  the  writer.  Cutting  in  transit 
is  the  fanction  of  the  machine.  It  is  designed  with  knives  upon 
a  radial  arm  moving  in  company  with  the  metal  and  while  acting 
upon  it.  The  arm  returned  to  its  original  position  allows  the 
continued  discharge  of  the  rolled  metal,  which,  striking  a  tri^er^ 
applies  the  pressure,  actuating  the  shear  for  a  renewed  cut.  The 
action  is  entirely  automatic,  cutting  to  required  lengths,  and  is 
used  for  handling  the  delivery  from  the  mill  of  the  heavier  sizes 
of  finished  products. 

The  continuous  mill  had  been  applied  to  miscellaneous  rolling 
but  a  short  time  before  it  was  called  upon  for  service  in  rolling 
hoop  and  cotton  tie.  The  mill  adapted  itself  perfectly  to  the 
new  work,  but  the  accessories  at  once  came  into  prominence. 
Heavy  devices  for  cutting  billets  were  of  little  service  in  handling 
the  flat  and  limp  red-hot  cotton  tie,  which  had  about  as  much 
consistency  as  a  piece  of  wet  paper.  Devices  for  automaticaUy 
cutting  and  coiling  were  first  used,  but  the  practice  finally  set- 
tled upon  a  looping  distribution  of  the  metal  upon  a  travelling 
table  or  apron,  somewhat  after  the  manner  of  the  old  floor  deliv- 
ery of  wire  rods,  except  being  done  uniformly  and  mechanically. 
By  this  means  gradual  cooling  of  the  flat  steel  was  secured  with- 
out contact  of  the  metal  with  itself,  thus  ensuring  a  uniform  blue 
finish  desirable  in  some  varieties  of  flat  rolled  products.  This 
was  designed  by  the  inventor  of  the  flying  shear. 

I  have  referred  to  the  influence  of  great  production  upon  the 
development  of  the  mill  and  its  accessory.  It  is  worth  perhaps 
a  passing  note  to  speak  of  the  influence  upon  them  of  economy 
and  refinement. 

Economy  and  Eefinement. 

There  is  a  seeming  incongruity  in  the  application  of  eternal 
laws  to  a  rolling  mill,  yet  the  Divine  command  to  '*  gather  up  the 
fragments  that  remain,  that  nothing  be  lost,"  must  be  here  im- 
plicitly obeyed.  Economy  in  fuel  consumption,  scale  waste,  and 
crop  ends  has  usually  had  some  attention ;  but  as  precision  and 
refinement  in  finished  product  and  demands  for  something  better 
and  cheaper  grew,  economy  grew  with  them.  Economy  in  moving 
in  lifting,  and  in  carrying.  Economy  in  using  air  and  water,  for, 
free  as  they  are,  yet  at  high  pressures  they  are  costly  luxuries,  to 
be  used  with  economy  only.  In  all  these  economies  accessories 
played  a  part. 
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The  foundiyman's  plea  that  half  the  machine  is  built  in  the 
foundry  is  true ;  with  this  amendment,  that  part  of  that  half  is 
built  at  the  forge  and  mill.  We  no  longer  '*  allow  plenty  for 
finishy^^  be  it  maohinery  steel  or  foundry  casting.  Casting  and 
roUing  must  be  done  with  reasonable  exactness.  The  roller's  old 
worn  gauge  is  now  an  inmate  of  the  museum.  It  is  the  microme- 
ter he  now  must  use.  He  stands  between  ^^  limit  gauges,'^  Thus 
far  can  he  roll,  but  no  farther,  and  hundredths  and  thousandths 
are  units  familiar  to  his  ear.  The  result  is  nicety,  refinement,  and 
economy  eyerywhere,  and  the  mill  and  its  accessory  must  be  de- 
signed to  meet  them. 

A  recent  accessory  of  the  merchant  mill — a  storage  system — 
has  been  designed  by  the  writer's  associates,  the  whole  function 
and  purpose  of  which  is  economy.  Economy  in  time,  economy 
in  material.  Ordinarily  a  jobbing  merchant  mill  runs  on  part 
time — its  use  is  intermittent,  depending  upon  the  receipt  of 
orders  and  the  lengths  and  quantities  of  the  material  required. 
This  intermittent  use  of  the  mill  has  been  demoralizing  to  the 
whole  plant.  Aside  from  the  loss  upon  idle  and  unproductive 
equipment,  there  has  been  the  direct  loss  and  expense  of  frequent 
roll  changing  and  adjustment  in  filling  small  and  miscellaneous 
ordera  The  continued  use  of  the  mill  for  products  carried  in 
stock  has  been  prohibitive  by  reason  of  the  great  waste  from  crop 
ends.  Lenxgth  of  merchant  bar,  like  that  of  the  original  wire  rod, 
has  been  determined  by  the  vehicle  for  transportation — one  by 
the  length  of  the  freight  car,  the  other  by  that  of  the  farm  wagon. 
Cutting  the  varied  lengths  of  commerce  from  these  ordinary 
merchant-bar  lengths  has  been  highly  wasteful  of  large  quantities 
of  valuable  metal  To  obtain  relief  from  these  extravagances — 
X,  e,^  idleness  of  the  mill  and  waste  of  material — the  storage  system 
has  been  evolved.  By  its  use  the  finished  piece,  straightened, 
cooled,  and  uncut^  is  carried  laterally  to  storage  racks  having  com- 
partments of  lai^e  capacity  in  which  standard  sizes  and  sections 
are  kept  separately  and  in  stock.  Sheariog  facilities  are  placed 
at  each  end  of  the  racks,  and  most  of  the  cutting  is  done  only 
upon  receipt  of  orders,  and  then  to  specific  or  multiple  lengths. 
As  a  result  there  is  a  saving  of  metal,  a  saving  of  time,  a  more 
continued  use  of  the  mill,  and  an  enlarged  eiiiciency  by  greater 
freedom  in  the  use  of  heavier  billets. 
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Continuity. 

No  single  aspect  of  modern  manufacturing  is  more  striking  and 
pronounced  than  the  drift  towards  continuity  of  operation.  Not 
that  of  the  continuous  mill  alone,  although  that  mill  has  done  its 
full  share ;  but  everywhere,  in  all  lines  of  work,  the  search  for 
economy  and  despatch  has  weeded  out  slow  and  needless  inter- 
mediaries and  unified  functions  before  separate  and  distinct.  Oper- 
ations which  heretofore  hindered  and  delayed  have  now  disappeared 
from  the  continuous  mill,  until  it  is  a  familiar  sight  to  see  a  billet, 
one  end  still  in  the  furnace — its  length  in  all  the  reducing  passes 
of  the  miU,  and  the  other  end  coiled  on  the  reel,  a  finished  wire 
rod — a  continuous  and  simultaneous  performance  of  heating,  roll- 
ing and  reeling  upon  the  same  piece  of  metal  without  out  or  sep- 
aration of  its  parts.  No  less  striking  is  the  operation  of  rolling 
larger  sections.  The  metal,  a  few  moments  ago  a  6,000-pound 
ingot,  and  now  a  four  by  six-inch  billet,  is  carried  onward  to  the 
mill,  a  part  of  its  length  moving  on  the  feed  table,  part  moving 
faster  through  the  passes  of  the  mill,  part  being  cut  by  the ''  flying 
shear,''  part  caught  up  and  carried  away  on  the  conveyor,  and 
part  being  delivered  on  the  car  for  transportation  from  the  mill. 

Here  again  are  parts  of  the  same  mass  of  steel  being  fed,  rolled, 
cut,  conveyed  and  delivered,  continuously  and  simultaneously. 
There  is  something  a  bit  dramatic  in  the  sight  of  a  bar  rest- 
ing on  the  car  ready  for  shipment,  while  the  parent  from  which 
it  s])rung  is  still  away  back  in  the  bite  of  the  roughing  rolls. 

So  it  is  everywhere.  Be  it  the  making  of  a  newspaper  or  an 
envelope,  from  roll  to  finished  product — ^folding,  cutting,  printing, 
stamping,  and  counting — it  is  continuous  to  the  end.  It  is  in  the 
very  spirit  of  the  times — quickness,  continuity,  and  economy.  In 
a  recent  review  of  the  astronomy  of  the  century.  Professor  Dol- 
bear,  of  Tuft's  College,  drops  a  little  sentence,  "Creation  is  a 
conti7iuou8  process."  If  the  scientist  finds  creative  processes 
continuous  in  his  domain,  no  less  so  does  the  engineer  find  it  in 
his  own.  Creation  of  the  raw  materials  upon  this  planet  has  been 
a  continuous  process,  and  so  is  fast  getting  to  be  the  creation  of 
the  Jfnished  prodtccts  from  them. 

Wealth  op  the  Country. 

In  conclusion,  then,  may  I  ask,  What  has  the  rolling  mill  been 
worth  to  our  country  ?     Over  a  hundred  years  ago  (as  we  have 
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seen)  one  of  England's  statesmen,  in  substance,  said  it  was  worth 
to  that  country  more  than  the  whole  of  certain  thirteen  colonies. 
What  has  it  been  worth  to  those  colonies  ?  What  has  it  done  for 
them  f  Yastness  of  the  question  makes  brevity  of  reply.  Who 
can  measure,  estimate,  or  enumerate  the  indebtedness  and  depend- 
ence of  the  nation  to  the  offspring  of  the  ''  little  mill  at  Fontley  "  ? 
There  were  the  colonies  strung  like  a  filament  along  the  eastern 
shore,  and  all  that  great  work  to  the  westward  to  be  done.  To 
tunnel  mountains,  dig  mines,  bridge  rivers,  lay  rails,  fell  forests, 
sow,  reap,  and  ship  the  grain.  It  was  a  task  enough  to  daunt  the 
bravest.  Watt's  Hercules  lent  its  strength,  but  the  rolling  mill 
put  into  his  hand  a  club  of  "  ever  increasing  might "  with  which 
to  "  batter  down  the  institutions  of  preceding  ages,"  and  Hercules 
needed  all  his  strength  to  swing  it.  I  know  it  suggests  the  old 
spirit  of  **Who  shall  be  greatest?" — the  rivalry  of  cooperating 
and  interdependent  parts — but  it  was  rough  justice  that  awarded 
Solomon's  blacksmith  the  honored  chair.  Why  not  this  tribute  to 
his  successor — ^the  rolling  mill  of  to-day  ?  How  far  would  we  have 
gone,  and  how  much  would  we  have  done  without  it  ?  With  each 
new  demand  the  mill  has  been  equal  to  the  occasion.  Transpor- 
tation and  communication,  the  vanguard  of  all  civilization,  would 
have  been  helpless  without  it,  to  say  nothing  of  all  the  every  day 
dependencies  upon  it.  Particularity  of  these  would  be  but  tedious 
enumeration.     Its  work  is  in  the  web  and  woof  of  all  we  do. 

The  steamer  going  East  and  the  railroad  going  West  are 
built  and  burdened  with  the  products  of  the  mill.  How  much  of 
the  great  West,  and  all  the  wealth  which  is  in  it,  would  have  been 
ours  without  the  help  of  the  rolling  mill  ? 

There  come  to  mind  the  doubting  and  uncertain  days  when 
the  far  West  lay  too  big  and  boundless  to  be  understood — when 
the  mind  of  the  statesman,  Webster,  could  not  grasp  it — would 
not  vote  "  one  cent  from  the  public  treasury  to  place  the  Pacific 
coast  one  inch  nearer  to  Boston  than  it  is  now,"  and  was  "  about 
trading  that  worthless  territory  for  some  valuable  concessions  in 
relation  to  the  cod  fisheries." 

Those  were  curious  days  in  the  light  of  to-day:  when  the 
appraised  value  of  the  West  was  expressed  at  Washington  in  such 
figurative  terms  as  "interminable  desert,"  "arid  plain,"  "impass- 
able mountains,"  "not  worth  a  pinch  of  snuff,"  "region  of 
savages  and  wild  beasts,"  "  deserts  of  shifting  sands,  dust,  cactus, 
and  prairie  dogs." 
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And  SO  it  was,  and  so  it  would  be  now,  but  for  the  products  of 
the  rolling  mill. 

One  statesman  said :  "  Have  you  made  an  estimate  of  the  cost 
of  a  railroad  to  the  mouth  of  the  Columbia?"  ''How  are  you 
going  to  apply  steam  ?  "  The  rolling  mill  has  solved  his  problem 
and  answered  his  question. 

Another  statesman,  in  similar  vein,  said :  "  All  the  gold  of  Peru 
would  not  pay  a  penny  on  a  pound  of  the  cost  it  would  be  to  build 
a  railroad  over  the  mountains  to  Oregon."  Well,  probably  it 
would  not  if  the  rails  for  the  road  were  all  forged  under  the  old 
tilt  hammer  in  use  before  Cort's  time. 

Has  it  paid  to  cross  the  mountains?  Mountains  ''impassable 
for  wagon  roads  "  until  the  undaunted  spirit  of  Marcus  Whitman 
found  the  trail  and  blazed  the  pathway  for  us.  Last  year  the 
iron  horse,  harnessed  in  the  trappings  of  the  rolling  mill,  and  shod 
with  its  products  to  give  it  foothold,  drew  from  these  "  impassable 
mountains"  one  hundred  and  seventy  millions  of  gold,  silver,  and 
copper  I     Has  it  paid  ? 

'Tis  the  poet's  license  to  use  our  language  in  aesthetic  sense ; 
I  claim  the  plain  man's  privilege  to  use  it  in  the  literal.  We 
know  whose  the  strong  hand  that  has  made  the  material  welfare 
of  our  country.  We  know,  and  that  right  well,  "  what  master 
laid  its  keel,  what  workman  wrought  its  ribs  of  steel,  in  what  a 
forge,  in  what  a  heat,  were  shaped  the  anchors  of  its  hope." 

And  so  it  ever  will  be.  As  long  as  human  beings  come  and  go, 
the  rolling  mill  will  serve  until  mankind  shall  cease  to  know  a 
physical  want  unsatisfied,  or  longing  unfulfilled — and  that  will  be 
when  stars  grow  cold  and  "  the  wide  firmament  is  rolled  up  like  a 
scroll." 
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No.  869.* 

A  RECORD  OF  THE  EARLY  PERIOD  OF  HIGH-SPEED 

ENGINEERING. 

BT  0BABLB8  T.  PORTER,  XONTCLAIR,  N.  J. 

(Honorary  Member  of  the  Society.) 

This  meetingy  following  close  upon  the  death  of  John  F. 
Allen,  seems  a  fit  occasion  to  give  to  the  Society  some  reminis- 
cences of  Mr.  Allen,  and  of  the  infancy  of  high-speed  steam 
engineering. 

I  am  glad  of  the  opportunity  to  pay  my  tribute  to  the  memory 
of  a  friend,  of  wonderful  engineering  genius  and  insight  and 
noble  character.  The  subject  has,  too,  for  me  a  singular 
interest,  as  affording  a  prominent  example  of  incidents  which 
occur  in  the  life  of  everyone,  when  events  trivial  in  themselves 
are  afterwards  seen  to  have  been  big  with  consequences. 

One  morning  in  the  winter  of  1860-61,  Mr.  Henry  A.  Ilurlbut, 
then  of  Swift,  Hurlbut  &  Co.,  wholesale  dealers  in  hats,  at 
No.  65  Broadway,  and  who  had  become  interested  in  my  gov- 
ernor manufacture,  called  upon  me  to  tell  me  that  a  friend  of 
his,  Mr.  Henry  K.  Burr,  manufacturer  of  felt-hat  bodies,  at  the 
comer  of  Frankfort  and  Cliff  streets,  in  New  York,  had  been 
having  trouble  with  his  engine.  He  thought  my  governor  was 
just  what  he  needed,  and  asked  me  to  accompany  him  to  Mr. 
Burr's  office,  where  he  would  give  me  the  advantage  of  his  per- 
sonal introduction.  In  the  interview  with  Mr.  Burr  which 
followed,  I  did  not  have  an  opportunity  to  say  a  word.  After 
Mr.  Hurlbut  had  explained  the  object  of  our  visit,  Mr.  Burr  re- 
pUed  that  he  had  had  a  great  deal  of  trouble  with  the  regulation 
of  his  engine,  and  had  thought  seriously  of  getting  a  Corliss 
engine  in  the  place  of  it ;  but,  two  or  three  weeks  before,  the 
bnilders  of  the  engine  had  sent  him  a  very  skilful  engineer,  and 
since  he  came  there  had  been  no  further  trouble,  so  he  should 

*  Presented  at  the  New  York  meeting  (December,  1900)  of  tLe  American  Soci- 
ety of  Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the  Trans- 
(Ktions. 
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not  need  my  governor.  He  inyited  us  to  see  his  engine,  in 
which— since  it  had  been  taught  to  behave  itself^he  evidently 
took  much  pride.  We  found  a  pair  of  beam  engines  of  about  5 
feet  stroke,  running  at  25  revolutions  per  minute,  made  by 
Thurston  &  Gardiner,  of  Providence.  They  had  the  usual 
poppet  valves  and  the  Sickles  cut-off.  This  was  made  adjust- 
able, and  was  regulated  by  the  governor.  At  the  time  of  our 
entrance,  Mr.  Allen,  the  new  engineer,  was  on  the  scaffold,  lubri- 
cating the  beam  centres.  Mr.  Burr  called  him,  and  he  came 
down,  and  at  Mr.  Burros  request  explained  to  us  the  liberating 
mechanism  and  what  he  had  done  to  make  it  work  satisfactorily. 
The  regulation  did  not  appear  to  me  to  be  very  close,  and  I 
made  a  determined  effort  to  induce  Mr.  Burr  to  substitute  one 
of  my  governors.  I  showed  him  a  cut  of  the  governor,  and 
pointed  out  its  combination  of  power  and  sensitiveness,  but 
all  in  vain.  He  was  satisfied  with  things  as  they  were,  and 
I  went  away  crestfallen,  having  lost  not  only  the  sale  of  a  gov- 
ernor but  also  an  opportunity  for  a  triumph  in  a  very  important 
place.  But  I  did  not  know  to  whom  I  had  in  fact  been  talking. 
As  we  were  leaving,  Mr.  Allen  asked  me  if  I  would  call  some 
time  and  see  him — he  had  something  he  thought  I  would  be  in- 
terested in.  I  called  soon  after.  He  told  me  he  had  a  plan  for 
a  variable  cut-off,  with  positive  movements,  which  he  thought 
would  avoid  objections  to  the  liberating  gear.  He  had  had  it  in 
his  mind  a  good  while,  but  did  not  think  it  could  be  used,  be- 
cause the  governor  could  not  handle  the  block  in  his  link  so  as 
to  maintain  steady  motion,  and  he  had  been  inclined  to  abandon 
the  idea ;  but  when  he  heard  me  describing  my  governor  to  Mr. 
Burr  it  occurred  to  him  that  that  governor  would  do,  and  he 
would  like  to  explain  the  plan  to  me.  He  had  no  drawing,  not  a 
line ;  the  design  existed  only  in  his  mind.  He  put  down  his  ideas, 
as  he  fitly  expressed  it,  with  chalk  on  the  engine-room  floor,  and 
that  rude  sketch  represented  the  perfectly  matured  system. 

When  his  plan  came  to  be  analyzed,  it  was  found  that  every- 
thing had  been  thought  out  and  provided  for,  even  to  equalizing 
the  opposite  port  openings,  and  compensating  for  the  unequal 
piston  motion  produced  by  the  vibration  of  the  connecting-rod, 
so  as  to  make  the  opposite  diagrams  identical.  But  the  won- 
der did  not  stop  there.  Mr.  Allen  had  remedied  the  defect  in 
the  link  motion  of  making  a  narrow  opening  for  admission  when 
cutting  off  early,  by  employing  a  four-opening  admission-valve 
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of  unique  design  at  each  end  of  the  cylinder,  and  also  by  greatly 
enlai^^g  these  openings. 

The  four-opening  yalve  required  four  seats  in  one  plane,  and  it 
was  important  that  these  should  be  as  narrow  as  possible.  For 
this  purpose  Mr.  Alien  employed  the  Corliss  wrist-plate  move- 
ment  to  reduce  the  lap  of  the  valve,  and,  by  an  elegant  improve- 
ment on  this  movement,  he  made  it  available  also  to  enlarge 
the  openings.  This  improvement  consisted  in  the  employment  of 
two  rockers  having  a  common  axis,  and  separate  driving-arms, 
as  well  as  driven-arms,  for  each  valve.  The  driving-arms  were 
made  to  vibrate  a  long  way  towards  their  dead  points,  and  the 
increased  opening  movement  in  arc  thus  obtained  was  imparted 
directly  to  the  valve.  This  combination  of  an  enlarged  opening 
with  a  reduced  lap  was,  perhaps,  the  most  surprising  feature  of 
Mr.  Allen's  system. 

The  four-opening  equilibrium  valve,  soon  afterwards  invented 
by  Mr.  Allen,  required  but  two  seats  in  one  plane.  The  seats 
could,  therefore,  be  made  wider.  For  the  sake  of  simplicity, 
this  division  was  then  dispensed  with,  and  the  same  enlarged 
openings  were  obtained  by  increasing  the  length  of  the  driven- 
arms,  submitting  to  the  increased  motion  on  the  lap. 

That  this  remarkable  system  of  parts  and  movements  should 
have  been  elaborated  in  the  mind  of  a  man  who  had  no  knowledge 
of  mechanics,  except  what  he  had  absorbed  in  engine  rooms, 
must  stand  among  the  marvels  of  inventive  power. 

After  Mr.  Allen  had  explained  his  plan  to  me,  I  expressed 
my  confidence  that  my  governor  would  meet  its  requirements, 
and  observed  that  it  would  enable  a  variable  cut-off  engine  to 
be  run  as  fast  as  a  locomotive.  Somewhat  to  my  surprise,  he 
replied  that  he  wanted  his  cut-off  compared  with  the  liberating 
cut-off  turn  for  turn ;  that  it  had  an  advantage  which  he  thought 
would  cause  it  to  be  generally  preferred  at  the  same  speed. 

I  was  then  ignorant  of  his  state  of  mind  on  that  subject,  or  of 
what  had  produced  it.  I  learned  these  afterwards,  and  will 
state  them  here.  In  one  of  our  interviews,  in  reply  to  my  ques- 
tion what  had  led  him  to  make  this  invention,  he  told  me  it 
was  his  experience  when  he  was  engineer  of  the  propeller  Cur- 
leWy  a  freight  boat  running  on  Long  Island  Sound,  between 
New  York  and  Providence,  which  had  a  Corliss  engine.  He 
became  impressed  with  what  he  thought  to  be  a  serious  de- 
fect in  the  liberating  system.     The  governor  did  not  control 
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the  point  of  cut-off,  but  the  point  of  release ;  this  point  being  at 
the  beginning  of  the  closing  movement  of  the  yalve,  while  the 
cut-off  took  place  at  the  end  of  that  movement  When  the  en- 
gine was  worked  up  to  nearly  its  capacity,  as  was  the  case  in  a 
ship,  the  port  was  opened  wide,  and. quite  an  appreciable  time 
elapsed  between  the  release  and  the  cut-off.  During  this  inter- 
val, the  piston  advanced  considerably,  and  if  the  engine  ran 
fast  enough,  it  might  get  to  the  very  end  of  the  stroke.  He  said 
in  smooth  water  they  had  no  trouble,  but  in  the  open  ocean 
going  around  Point  Judith,  it  was  always  rough,  and  sometimes 
in  stormy  weather  the  screw  would  be  thrown  quite  out  of  the 
water,  and  the  engine,  having  no  fly-wheel,  would  race  most 
furiously.  The  faster  it  ran,  the  further  the  steam  would  fol- 
low, and  was  pumped  out  of  the  boiler  very  rapidly.  Springs 
were  employed  to  accelerate  the  closing  movement  of  the  valves, 
but  in  these  cases  they  seemed  to  be  of  little  use,  and  were  con- 
tinually breaking.  He  saw  that  this  difficulty  could  be  avoided 
only  by  a  positive  motion  gear  which  would  enable  tha  gov- 
ernor to  control  the  point  of  cut-off  itself ;  and,  accordingly,  he 
set  himself  to  work  to  devise  such  a  system.  We  know  now 
that  this  judgment,  formed  from  observations  made  under  very 
exceptional  conditions,  was  not  well  founded.  The  difficulty  in 
question  does  not  practically  exist  in  engines  having  fly-wheels 
and  the  present  improved  liberating  gear;  but  the  experience 
naturally  made  a  deep  impression  upon  Mr.  Allen's  mind,  and 
led  to  the  invention  of  the  positive  motion  system. 

This  he  did  not  tell  me  at  the  time,  so  that  I  was  at  a  loss  to 
understand  his  reluctance  to  admit  what  was  really  the  great 
value  of  his  invention.  However,  I  told  him  I  would  be  willing 
to  attempt  its  introduction,  provided  he  would  allow  me  to  apply 
it  at  once  to  a  high-speed  engine  ;  that  being  a  field  into  which 
the  liberating  system  could  not  enter.  To  this  he  assented,  and 
I  took  him  directly  to  the  office  of  Mr.  Charles  B.  Richards, 
now  Professor  of  Mechanical  Engineering  in  the  Sheffield  Scien- 
tific School  of  Yale  University,  who  then  had  an  office  on  Nas- 
sau Street,  where  he  was  doing  business  as  a  mechanical  expert 
and  designer  of  machinery,  and  who  had  done  some  excellent 
work  for  me.  I  engaged  Mr.  Bichards  to  make  an  analysis  and 
drawing  of  Mr.  Allen's  system  under  his  direction,  and  soon 
afterwards  gave  him  an  order  for  the  plans  for  an  experimental 
engine,  C  inches  by  15  inches,  to  make  160  revolutions  per  minute. 
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The  snbjeoi  of  an  indicator  directly  presented  itself.  Mr. 
Allen  invited  Mr.  Biohards  and  myself  to  his  engine  room,  and 
took  diagrams  for  us  with  a  McNanght  indicator.  This  was 
the  first  indicator  that  either  of  us  had  ever  seen.  Indicators 
were  then  but  little  known  in  this  country.  The  Novelty  Iron 
Works  made  a  very  few  McNaught  indicators,  almost  the  only 
users  of  which  were  the  Navy  Department  and  a  few  men  like 
Ericsson,  Mr.  Stevens,  Mr.  Sickles,  and  Mr.  Corliss.  I  told  Mr. 
Bichards  that  we  mtist  have  a  high-speed  indicator,  and  he  was 
just  the  man  to  get  it  up  for  us.  He  went  to  work  at  it,  but 
soon  became  quite  discouraged.  He  could  not  see  his  way.  I 
told  him  I  was  not  able  to  make  any  suggestion,  but  the  indi- 
cator we  must  have,  and  he  had  to  produce  it.  After  some 
months  he  handed  me  a  drawing  of  an  indicator  which  has  never 
been  changed,  except  in  a  few  details.  This  important  inven- 
tion, which  has  made  high-speed  engineering  possible,  came 
from  the  hands  of  Mr.  Bichards  quite  perfect.  Its  main  fea- 
tures, as  is  well  known,  are  a  short  piston  motion  against  a  short, 
stiff  spring;  light  multiplying  levers,  with  a  Watts  parallel 
motion,  giving  to  the  pencil  very  nearly  a  straight  line  of  move- 
ment; and  a  free  rotative  motion  of  the  pencil  connections 
around  the  axis  of  the  piston,  which  itself  is  capable  of  only  the 
slight  rotation  caused  by  the  compression  or  elongation  of  the 
spring.  Elegant  improvements  have  since  been  made,  adapting 
the  indicator  to  still  higher  engine  speeds ;  but  these  have  con- 
sisted only  in  advancing  further  on  the  lines  struck  out  by  Mr. 
Bichards.  In  fact,  this  was  all  that  could  be  done — giving  to 
the  piston  a  little  less  motion,  lightening  still  further  the  pencil 
movement,  and  making  the  line  drawn  by  the  pencil  more 
nearly  a  straight  line. 

I  took  Mr.  Bichards's  drawing  to  the  Novelty  Iron  Works  and 
had  an  indicator  ready  for  use  when  the  engine  was  completed. 
The  engine  was  made  by  the  firm  of  McLaren  <fe  Anderson  on 
Horatio  Street,  New  York.  It  was  set  up  by  the  side  of  their 
throttle-valve  engine,  and  was  substituted  for  it  to  drive  their 
own  machinery  and  that  of  a  kindling-wood  yard  adjoining  for 
which  they  furnished  the  power.  It  ran  perfectly  from  the  start, 
and  saved  one-half  of  the  fuel.  In  throttle-valve  engines  in 
those  days  the  ports  and  pipes  were  generally  so  small  that  only 
a  part  of  the  boiler  pressure  was  realized  in  the  cylinder,  and 
that  part  it  was  hard  to  get  out,  and  nobody  knew  what  either 
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this  pressure  or  back  pressure  was.     I  have  a  diagram  takea 
from  that  engine,  which  is  here  reproduced. 

The  success  of  this  engine  was  such  that  I  determined  to  build 
a  larger  engine  for  the  approaching  London  Exhibition  of  1862, 
and  the  next  May  found  an  Allen  engine,  8  inches  by  24  inches. 

Diagram  Taken  September  18.  1861,  from  the  First  Allen  Engine 

BT  THE  First  Richards  Indicator. 
Engine,  6  Inches  bt  15  Inches,  Making  160  Revolutions  per  Minute. 

This  Card  was  Run  Over  Twenty  Times. 


Porter 


Fig.  14. 


making  150  revolutions  per  minute,  in  operation  in  that  exhibi- 
tion, with  a  success  which  is  a  matter  of  history.  The  following 
diagram  was  taken  from  that  engine. 

I  found  myself  in  queer  company,  and  I  afterwards  learned 
why.  There  were  twenty-four  engines  in  the  exhibition,  mostly 
English,  all  small  and  all  non-condensing,  as  no  water  for  con- 
densing purposes  was  obtainable  in  the  locality.  That,  how- 
ever, did  not  strike  me  as  odd,  for  I  had  never  seen  a  condens- 
ing engine  in  any  public  exhibition.  They  were  all  quite  inferior, 
what  the  English  would  call  "  a  rum  lot."  A  large  battery  of 
boilers  was  unable  to  maintain  the  steam  pressure,  which  had 
been  fixed  at  70  pounds  on  the  square  inch.    Especially  when 
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the  Gwynne  oentrifngal  pump  was  running  the  pressure  always 
fall  a  pound  a  minuiey  so  that  it  never  was  allowed  to  run  over 
15  minutes  at  a  time.  Mr.  Allen  came  oyer  in  the  fall,  and 
soon  after  his  return  he  sent  me  a  drawing  of  his  equilibrium 
4-opening  yalve  and  adjustable  pressure-plate,  which  completed 
his  design,  according  to  which  the  engines  have  since  been 
made. 

I  was  enquired  of  by  the  eminent  firm  of  Easton,  Amos  & 
Sons — whose  works  were  located  in  the  Borough  of  Southwark, 

Ihtbbnational  Exhibition,  UinTEO  States  Department. 

1863  Diagram  Taken  from  1863 

THE  Allen  Engine  bt  the  Richards  Indicator. 

Engine,  8  Inches  bt  24  Inches,  Revolutions  per  Minute,  150. 

Scale,  40  lbs.  to  the  Inch. 


Porter 

Fig.  15, 


in  London,  a  region  which  Dickens  has  made  famous,  who  were 
the  consulting  engineers  of  the  government,  and  were  builders, 
and  I  believe  at  that  time  the  only  builders  in  England,  of  com- 
pound engines  on  the  Woolf  system — if  I  considered  that  it 
would  be  safe  to  run  my  engine  at  225  revolutions  per  minute. 
Of  course  I  knew  no  more  about  it  than  they  did,  but  I  did  not 
hesitate  to  say  that  in  my  judgment  it  would  be  perfectly  safe. 
On  the  strength  of  that  "  opinion  "  they  purchased  the  engine, 
and  set  it  up  in  their  own  works  to  drive  their  foundry  blower 
through  a  frictional  gearing,  9  to  1.  It  fully  justified  my 
opinion,  and  did  this  work  so  easily  that  I  proposed  to  them  to 
use  it  to  drive  the  whole  works.  Everything  there  was  compact 
in  a  degree  to  which  we  were  not  accustomed.  The  foundry  was 
separated  from  the  machine  shop  only  by  a  brick  wall,  and  the 
boilers  were  on  the  main  floor  of  the  machine  shop  itself.  The 
engine  got  along  pretty  well  until  they  were  grinding  shafting 
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with  large  grindstones  at  the  same  time  that  the  foundry  blowet 
was  on.  That  was  too  much  for  it,  because  the  addition  of  60 
per  cent,  to  the  speed  had  made  the  ports  and  yalye  move- 
ments very  insufficient.  However,  they  gave  me  a  portion  of 
the  works  to  drive. 

The  year  1863  was  devoted  by  me  partly  to  the  introduction 
of  the  indicator  and  partly  to  the  revision  of  the  engine  plans, 
including  the  introduction  of  the  equilibrium  valves.  Among 
other  things,  I  designed  the  present  engine  bed.*  The  manu- 
facture of  the  engine  in  England,  according  to  these  revised 
plans,  was  commenced  in  January,  1864,  by  the  firm  of  Ormerod, 
Grierson  &  Co.  of  Manchester.  In  the  year  1866  this  firm  failed, 
and  on  the  invitation  of  the  Whitworth  Company  I  transferred 
the  business  to  them. 

The  Whitworth  Company  sent  to  the  Paris  Exposition  of  1867 
four  Allen  engines,  and  also  a  sectional  model,  the  latter  being 
a  complete  small  engine  with  the  upper  half  of  the  cylinder  and 
steam  chest  planed  off,  showing  the  valves  in  section,  all  being 
exhibited  in  slow  motion.  Three  of  the  engines  were  6  inches 
by  12  inches.  Two  of  these  were  employed  to  drive  an  electric 
apparatus  for  the  British  Lighthouse  Board,  and  were  run  at 
300  revolutions  per  minute.  The  third  was  run  idle  at  500 
revolutions  per  minute,  to  illustrate  the  adaptation  of  Mr. 
Allen's  system  to  very  high  speed.  For  this  illustration  careful 
preparations  were  made.  The  fly-wheel  was  a  light  solid  disk, 
2  feet  in  diameter.  The  reciprocating  parts  weighed  only  40 
pounds,  and  were  exactly  balanced  by  the  counterweight  The 
bed  was  filled  with  lead.  The  whole  was  set  on  a  single  block 
of  Caen  stone  3  feet  thick.  This  engine  was  shown,  for  one  or 
two  minutes  several  times  a  day,  at  its  top  speed  by  holding  up 
the  end  of  the  governor  lever,  so  bringing  the  block  to  the  top 
of  the  link  and  letting  it  hum.  It  ran,  as  nearly  as  could  be 
judged,  at  over  2,000  revolutions  per  minute.  When  the  gov- 
ernor resumed  control  and  the  speed  slowed  down  to  600  revo- 
lutions, it  always  seemed  to  the  bystanders  as  if  the  engine  were 
going  to  stop.  The  fourth  engine  was  12  inches  by  24  inches, 
making  200  revolutions  per  minute,  and  driving  a  portion  of  the 
English  machinery  exhibit.     This  was  a  condensing  engine. 


*  This  bed  was  adopted  by  TaDgye  Brothers,  of  Blrmmghamj  several  jeais 
afterwards. 
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At  the  London  Exhibition  of  1862,  one  of  the  first  questions 
asked  me,  and  which  I  heard  often  afterwards,  was :  "  How  do 
you  driye  your  air-pnmp  ?  "  The  form  of  the  question,  it  will  be 
obseryedy  assumed  that,  of  course,  the  engine  had  an  air-pump, 
which  it  was  understood  could  not  be  used  there.  At  first,  I 
innocently  replied  that  the  engine  was  a  non-condensing  engine, 
and  had  no  air-pump,  little  aware  of  the  effect  this  answer  had 
on  the  mind  of  the  questioner.  After  a  while  I  became  by  de- 
grees conscious  that  I  was  among  conditions  and  habits  of 
thought  yery  different  from  those  to  which  I  had  been  accus- 
tomed. The  fact  was,  that,  from  an  engineering  point  of  yiew,  to 
the  English  mind  a  non-condensing  engine  was  no  engine  at  all. 
They  were  always  simple  and  cheap  engines,  built  mostly  for 
export — commercial  goods  only.  All  engines  of  the  least  conse- 
quence in  England  were  condensing  engines,  and  as  my  engine 
claimed  to  be  at  least  respectable,  it  must  have  an  air-pump,  of 
course.  As  my  destitution  in  this  respect  became  known,  I  came 
perilously  near  to  being  dropped,  without  ever  knowing  why. 

Easton,  Amos  &  Sons  frankly  expressed  to  me  the  consensus 
of  engineering  opinion,  that  high  speed,  while  successful  in  non- 
condensing  engines,  was  not  to  be  thought  of  for  condensing  en- 
gines. In  the  then  existing  state  of  the  art,  this  condemnation 
was  unavoidable.  The  air-pump  must  run  with  the  engine,  stroke 
for  stroke.  At  high  speed  it  would  lose  its  efficiency  for  two 
reasons.  The  valves  would  not  seat  themselves  in  time,  and  the 
air  and  water  would  be  churned  into  foam.  The  question  with 
which  I  had  become  so  familiar,  slightly  changed  to  the  form 
*'How  are  you  going  to  drive  your  air-pump? "  was  before  me, 
imperatively  demanding  an  answer. 

I  wrestled  with  this  problem  all  the  while  I  was  with  Orme- 
rod,  Grierson  &  Co.,  and,  when  I  went  to  the  Whitworth  Com- 
pany, had  a  design  ready  to  be  put  in  execution. 

This  condenser  was  planned  on  a  somewhat  new  constructive 
principle.  It  was  a  square  box,  set  behind  the  engine  and  di- 
yided  into  three  compartments,  one  occupying  the  lower  and  two 
the  upper  half.  One  of  these  latter  was  the  condenser  and  the 
other  the  hot-well.  The  bottom  of  the  condenser  was  inclined 
slightly  downward  from  the  hot-well.  The  valves  were  large, 
with  a  short  lift,  and  were  closed  by  springs. 

In  the  lower  chamber  was  a  single  acting  ram,  connected  with 
an  extension  of  the  piston-rod,  and  working  in  a  body  of  water. 
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It  was  hollow,  floating  in  the  water,  and  pointed  so  as  to  move 
through  without  disturbing  it.  The  areas  were  such  that  a 
motion  of  the  ram  of  one  foot  produced  a  rise  or  subsidence  of 
the  water  of  one  inch.  The  air,  it  will  be  observed,  remained 
above  the  water,  was  drawn  in  last  and  expelled  first.  There 
was  no  place  where  a  particle  of  air  could  be  trapped. 

It  being  evident  that  this  condenser  would  answer,  I  put  three 
of  them  in  hand  at  once,  for  three  engines  to  be  run  at  150  revo- 
lutions per  minute,  and,  there  being  no  alternative,  I  sent  the 
first  one  which  was  ready  to  Paris,  to  be  tested  in  the  Exposition ; 
and  moreover,  determined  to  settle  the  question  decisively  as  to 
the  adaptation  of  high  speed  for  condensing  engines,  I  put  the 
speed  of  that  engine  up  to  200  revolutions  per  minute,  and  I  had 
the  best  vacuum  in  the  Exposition,  where  several  condensing 
engines  were  shown,  some  very  large. 

The  gauge  stood  always  between  28  inches  and  29  inches. 
This  condenser  was  not  patented.  Twenty-five  years  after  I 
learned  that  it  had  come  into  general  use  in  Europe. 

The  French  engineers  would  not  accept  the  reality  of  thia 
vacuum  unless  it  should  be  shown  by  a  Deluel  mercurial  gauge. 
So  I  went  to  the  establishment  of  Deluel  &  Go.  and  obtained  a 
gauge,  and  the  same  night  drilled  the  condenser  to  put  it  on  ; 
but  no  tap  could  be  found  to  fit  the  thread.  I  had  to  plug  the 
hole,  and  went  the  next  day  to  the  Deluels  with  my  complaint. 
They  very  politely  loaned  me  a  set  of  taps,  informing  me,  with 
the  greatest  apparent  satisfaction,  that  this  was  a  thread  peculiar 
to  their  house.  The  new  gauge  agreed  exactly  with  the  old  one, 
a  Bourdon  gauge,  and  the  French  engineers  were  satisfied. 

The  following  diagram  was  taken  from  this  engine.  It  is  the 
only  one  from  both  ends  that  I  have  preserved,  and  was  drawn 
on  double  the  usual  scale. 

The  inequality  of  the  opposite  diagrams  is  due  to  the  change 
of  load  while  the  instrument  was  being  transferred  from  one  end 
of  the  cylinder  to  the  other. 

The  port  areas  and  valve  movements  were  insufficient,  but 
they  were  designed  for  a  speed  of  150  revolutions  per  minute. 

The  Brichards  indicator  at  200  revolutions,  and  with  a  16 
pound  spring,  drew  a  waving  line.  The  vibrations  interested  ma 
The  lines  being  flowing  showed  an  absolutely  frictionless  action. 
I  could  touch  the  pencil  to  the  paper  so  lightly  that  the  vibra- 
tions would  continue  to  the  end  of  the  return  stroke,  or  could 
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press  it  so  hard  that  they  nearly  disappeared,  but  their  mean 
was  always  the  same. 

This  exhibit  produced  a  marked  impression.  Mr.  John  Hick 
of  Bolton,  since  head  of  the  firm  of  Hick,  Hargrayes  &  Co.,  and, 
then  the  largest  builder  of  stationary  engines  in  England,  spent 

EzFOsmoN  Univsrselle,  Paris,  1867. 

BlAeRAM   FROM  THX  *'AI«LBK"  ENGINE,   EMPLOYED  IN  DRIVING   MACHINERY 

IN  THB  British  Section,  and  Mantjpactured  by 

Thb  Whitworth  Company,  Limited.  Manchester. 

EveiHB,  12  Inches  by  24  Inches,  Revoltttions  per  Minute^  200. 

Scale,  16  lbs.  to  the  Inch. 


forttt 


Fig.  16. 


a  long  time  every  afternoon  of  his  ten  days'  stay  in  Paris  watch- 
ing the  running  of  this  engine.  He  told  me  that  no  amount  of 
testimony  would  have  made  him  believe  such  a  performance  to 
be  possible.  If  my  engine  shown  in  1862  had  made  anything 
like  the  same  impression  on  his  mind,  he  would  have  made  me 
a  proposition,  but  it  did  not.  The  idea  of  employing  an  engine 
mnning  at  that  speed  as  a  condensing  engine  did  not  occur  to 
him,  and  if  it  had,  he  would  not  have  given  it  a  moment's  con- 
sideration. So  the  engine  failed  to  interest  him.  He  had  since 
made  other  arrangements,  which  it  was  then  too  late  to  change. 
I  received  three  propositions  from  French  builders.  The 
first  two,  made  nearly  simultaneously  in  the  summer,  were  both 
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accepted  in  the  autumn,  the  parties  agreeing  to  work  together.  I 
was  sorry  when  this  obliged  me  to  decline. an  application,  which 
came  just  before  the  close  of  the  Exposition,  expressed  in  the 
most  complimentary  terms,  from  Farcot  et  Oie,  the  leading 
builders  of  stationary  engines  in  France,  and  the  largest  exhibi- 
tors of  them  at  the  Exposition,  after  they  had  observed  the  run- 
ning of  the  engine  for  nearly  seven  month& 

Mr.  Allen  was  sent  over  to  Paris  by  the  parties  interested  in 
the  United  States,  to  examine  for  himself  what  was  being  done 
and  report  to  them.  His  report  was  so  satisfactory  that  I  was 
written  to,  to  leave  everything  abroad  in  the  best  condition  I 
could,  and  return  home  to  engage  with  Mr.  Allen  in  the  manu- 
facture of  the  engine,  for  which  ample  capital  would  be  furnished. 
I  found,  however,  that  the  financial  provision  made  for  turning 
to  account  the  position  which  I  had  gained  was  ridiculous,  while 
both  the  shop,  which  I  found  already  started,  and  its  location, 
on  Fourth  avenue,  in  Harlem,  were  equally  absurd ;  especially 
when,  some  four  years  later,  the  railroad  was  put  in  a  trench 
on  that  avenue,  and  each  side  of  it  was  occupied  for  more  than 
a  year  by  temporary  tracks  in  constant  use  by  three  roads,  cut- 
ting off  all  communication  with  the  premises ;  but  as  nothing 
better  could  be  done,  we  struggled  along  in  a  small  way  with 
meagre  facilities  until  the  great  financial  revulsion  of  1873  found 
the  business  in  excellent  condition  to  be  abandoned. 

During  this  period  Mr.  Allen  gave  to  our  business  the  last 
contribution  of  his  inventive  skill.  We  had  discussed  the  sub- 
ject of  water-tube  boilers  quite  fully,  and  considered  especially 
the  Field  internal  circulating  tube.  One  day  Mr.  Allen  said 
to  me  that  he  had  an  idea  that  by  inclining  the  tube  at  a  small 
angle  from  the  vertical  position,  a  better  circulation  could  be 
got  than  from  an  internal  tube.  This  proved  to  be  an  inspira- 
tion of  genius,  which,  in  my  judgment,  will  form  the  fundamental 
feature  of  the  water-tube  boiler  in  its  finally  perfected  and  sur- 
viving form. 

In  1871  Mr.  Allen,  wearied  of  our  absurd  position,  and  also,  as 
is  often  the  case  with  genius,  longing  for  new  worlds  to  conquer, 
sold  out  his  interest  in  the  engine  business,  and  devoted  himself 
thereafter  to  the  development  of  the  pneumatic  riveter  and  the 
air-compressor.  My  acquaintance  with  this  latter  part  of  his 
career  is  not  sufficient  to  enable  me  to  speak  of  it  as  definitely 
as  others  can  do. 


A  BIOOBD  OF  THB  BABLT  PBBIOD   OF  HIOH-SPEED  ENOINEEBING.      77 

Mr.  Allen's  locomoidve  valve  was  presented  in  a  paper  by  Mr. 
Qaerean,  at  the  late  Washington  meeting.  In  the  discussion  of 
that  paper,  I  omitted  to  state  that  the  value  of  balancing  that 
valve — as,  indeed,  every  locomotive  valve — was  fully  realized 
by  Mr.  Allen.  In  plans  for  that  valve  made  by  myself,  a  free 
balanoing  ring  was  shown  on  the  back,  having  an  internal  area 
equal  to  that  of  the  exhaust  cup,  and  communicating  with  it. 

I  may  perhaps  be  pardoned  for  a  word  respecting  the  change 
of  name  of  the  engine.  I  was  sometimes  asked  by  my  friends 
what  I  had  to  do  with  the  Allen  engine.  It  occurred  to  me 
that  I  had  considerable  to  do  with  it.  So  when,  after  a  sus- 
pension of  three  years,  I  was  about  to  resume  its  manufacture  in 
its  finally  matured  form,  to  be  carried  on  by  myself  individually, 
it  seemed  not  only  proper,  but  also  demanded  in  the  interest  of 
the  business,  that  it  should  be  revived  as  the  Porter- Allen  engine. 

In  my  intercourse  with  Mr.  Allen  I  was  always  impressed 
with  the  depth  of  his  penetration,  and  the  general  soundness  of 
his  judgment  He  lived  in  a  region  of  engineering  and  mechani- 
cal principles,  with  which  his  familiarity  was  certainly  intuitive. 
Deprived  of  all  early  advantages,  the  world  gave  him  nothing, 
but  he  will  be  counted  among  those  who  have  given  much  to  the 
world. 

DISCUSSION. 

Prof.  B.  n.  Thu7'8ton.— Mr.  Porter's  paper  has  for  me,  natu- 
rally, a  peculiar  interest.  Personally  acquainted  with  the  men 
mentioned,  having  a  very  long  acquaintance  and  a  strong  friend- 
ship for  the  men  most  prominent  in  the  matters  described,  and 
having  had,  myself  some  part  in  the  changes  of  that  time,  I 
may  be  pardoned  a  word  of  comment 

The  engine  at  the  Burr  "  Hat  Factory,"  as  we  used  to  call  it, 
was  built  by  my  father,  then  the  senior  member  and  the  super- 
intendent of  the  firm  of  Thurston,  Gardiner  &  Co.,  and  I,  a  boy 
in  college  at  the  time,  had  something  to  do  with  its  construc- 
tion ;  for  my  vacations  and  holidays  were  usually  spent  at  the 
shops  and  in  the  draughting  rooms  of  the  establishment,  then 
the  most  extensive  in  New  England,  I  think.  I  remember  the 
engine  well,  and  our  difficulties  in  securing  regulation  of  the 
Sickles  cut-off".  Engines  which  we  were  then  building  were  usually 
governed  by  a  Watt  governor  and  throttle.  The  attachment  of 
the  governor  to  determine  the  point  of  cut-off  was  only  com- 
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menced  after  Corliss  had  led  the  way— or  rather  after  Zaohariah 
Allen,  in  1835,  had  shown  a  way  which  was  not  seriously  con- 
sidered by  engine-builders  until  after  Corliss  made  the  system 
an  integral  part  of  his  own.  I  well  remember  building  a  Watt 
governor  with  balls  of  eighty  pounds  weight,  about  1859,  to  re- 
gulate a  rolling-mill  engine  of  the  time  with  a  Sickles  yalye- 
gear.  We  never  succeeded  in  getting  good  regulation  until  we 
brought  out  the  Greene  engine. 

I  knew  Mr.  Allen  well  in  those  days.  With  my  father,  I  had 
visited  him  on  the  Curletv  and  heard  the  story  of  his  difficulties 
with  his  engine  from  his  own  lips  and  his  hope  to  find  a  way 
to  improve  on  the  system.  The  ship  was  one  of  several  which 
Mr.  Corliss  fitted  with  his  engines,  hoping  to  secure  a  marine 
trade ;  but  none  were  satisfactory,  and  the  engine  never  came 
into  use  at  sea ;  notwithstanding  the  fact  that  its  predecessor, 
the  Sickles  engine,  had  found  a  somewhat  extensive  employ- 
ment— always,  however,  I  think,  on  sidewheel  boats,  where  the 
difficulties  which  annoyed  Mr.  Allen  were  not  met  with  in  any 
important  degree.  Mr.  Corliss  made  the  mistake  of  assuming 
that  his  valve-gear  would  operate  with  certainty  and  accuracy 
at  any  speed  of  engine,  even  in  locomotive  work,  and  he  actu- 
ally built  a  locomotive — which  HoUey  immortalized — ^with  his 
cut-off  gear  attached.  That  engine  stood  a  long  time  in  Corliss' 
shops,  where  I  saw  it  a  number  of  times. 

When  we  had  our  little  difficulty  with  the  Burr  engine,  we 
were  confident  that  Mr.  Allen  was  just  the  man  to  meet  it,  not 
simply  because  he  had  had  a  very  large  experience  with  trouble- 
some valve-gear,  but,  and  mainly,  because  he  was  thought  the 
ablest  man  in  his  department  of  the  business  known  to  us.  He 
was  steady,  reliable  in  all  ways,  ingenious,  experienced,  thought- 
ful and  always  ready  in  cases  of  emergency  with  some  ex- 
pedient capable  of  meeting  the  need  of  the  moment.  Mr.  Burr, 
also,  was  a  somewhat  critical  man,  and  it  was  thought  that  Mr. 
Allen  was  just  the  person  to  work  well  with  him.  The  judg- 
ment which  selected  and  detailed  him  was  fully  justified.  From 
that  time  on,  I  always  kept  him  in  sight  and  watched  his  career 
with  the  greatest  interest  and  pleasure.  He  was  a  great  me- 
chanic and  an  admirable  man;  he  led  a  most  useful  life  and 
earned  much  greater  distinction  and  a  larger  reward  than  he 
ever  received.  My  father,  who  died  in  1874,  always  congratu- 
lated himself  that  he  was  instrumental  in  bringing  about  that 
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turn  in  Mr.  Allen's  path  which  gave  him  his  largest  oppor- 
tunities. 

I  had  the  pleasure  of  making  Mr.  Bichards'  acquaintance  in 
1861 ;  although  I  am  not  sure  that  I  had  not  met  him  earlier 
in  some  incidental  ^ay.  I  had  always  been  much  interested  in 
the  perfection  of  the  steam-engine  indicator,  and  one  of  my  boy- 
hood's amusements  was  the  use  of  the  indicator  during  my 
high-school  and  college  days  in  the  investigation  of  the  action 
of  engines,  old  and  new,  but  particularly  old  and  badly  adjusted, 
and  I  had  an  old  Hopkinson  indicator  of  the  middle  of  the  cen- 
tury, or  earlier,  and  a  McNaught  which  I  had  used  with  entire  sat- 
isfaction on  the  slow-moving  machine  with  which  I  was  brought 
up  and  sometimes  to  my  own  confusion  and  the  mortification 
of  our  designing  engineers.  For  example,  I  showed  an  engine, 
built  for  a  mill  at  Wickford,  R.  I.,  to  be  twice  as  large  as  it 
need  be  for  the  work,  and  was,  in  compensation  for  my  discovery, 
set  at  work  designing  a  reinforcement  of  its  flywheel,  of  equal 
weight  with  the  original  wheel,  to  give  it  better  regulation.  I 
was  attached,  in  1861,  to  the  gunboat  "  Unadilla,"  of  the  United 
States  Navy,  the  first  of  the  gunboats  built  by  the  government 
after  the  outbreak  of  the  civil  war.  Mr.  Richards  and  friends 
came  to  the  ship  with  one  of  his  then  new  indicators,  and  we 
tried  the  instrument  on  engines  built  to  turn  at  the  then  very 
high  rate  of  100  revolutions  per  minute,  and  with  entire  suc- 
cess, of  course.  As  Mr.  Porter  has  said,  that  improvement 
embodied  the  essentials  of  all  later  instruments  of  the  class — a 
very  light  piston,  with  short  movement  and  stiff  spring,  and  a 
multiplying  parallel-motion  system  to  operate  the  pencil  over 
a  longer  range  than  was  traversed  by  the  indicator-piston.  It 
may  be  interesting  to  observe  the  evolution  of  the  indicator, 
comparing  the  successive  forms  as  in  the  figure,  in  which  I  have 
grouped  from  our  collections  those  which  I  have  mentioned  for 
comparison  with  contemporary  constructions.     (Fig.  17.) 

The  incident  was,  to  me,  very  impressive  and  I  made  the 
acquaintance  of  a  man,  as  the  outcome  of  it,  endowed  with  rare 
genius  as  well  as  rare  personal  virtues.  His  services  in  this 
and  some  other  directions,  to  the  profession  and  to  the  world, 
should  never  be  forgotten. 

Still  later  it  happened  that  I  had  occasion  and  opportunity  to 
meet  Mr.  Porter  and  Mr.  Allen  under  interesting  conditions. 
They  brought  their  engine  and  their  new  boiler  to  the  Fair 
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of  the  American  IiiBtitnte  while  I,  as  a  manager,  had  more  or 
less  sapervision  of  the  mechanical  portion  of  the  exhibition.    It 
was  there  that  we  first  had  opportunity  to  see  and  to  test  the 
new  boiler,  with  its  peculiar  system  of  pendent  tubes.    It  was 
reported  upon  as  one  of  the  boilers  tested  in  the  first,  perhaps 
the  only,  trial  in  which  the  quality  of  the  steam  produced  was 
ever  completely  determined,  not  by  sample,  but  by  actually 
condensing  the  whole  output  of  the  boiler  in  a  large  surface- 
condenser  built  for  the  occasion  out  of  tubes  furnished  by  Mr. 
Boot,  who,  with  Mr.  Porter,  was  most  actiye  in  securing  this 
essential  datum.    I  have  a  copy  of  the  report  of  the  committee 
of  that  exhibition  in  this  department  still,  and  find  in  it  the 
record  of  the  Allen  boiler  as  No.  1  in  capacity  and  No.  3  in 
economy  of  fuel,  as  tested,  with  a  70.7  per  cent,  of  economical 
effect,  as  against  70.9  for  the  Root  boiler,  exhibiting  lower  capa- 
city, and  76.6  for  the  Blanchard,  a  tubular  boiler  fitted  with  a 
special  hot-water  feed  system  and  superheater,  utilizing  waste 
lieat  from  the  flues,  and  thus  hardly  comparable  with  the  water- 
tube  boilers  without  these  accessories.    It  proved  to  be  inter- 
esting and  original  in  construction  and  better  than  its  competi- 
tors,  all  things  considered,  in  its  combination  of  capacity  with 
economy  of  fuel.    Its  circulating  system,  so  far  as  then  ap- 
peared, was  all  that  Mr.  Allen  and  Mr.  Porter  claimed  for  it. 
It  is  to  be  hoped  that  it  may  be  again  brought  forward  and  that 
a  place  may  be  found  for  it  in  the  market.     Of  the  five  boilers 
tested  at  the  time,  the  two  water-tube  boilers  only  gave  abso- 
lutely dry  steam,  both  superheating  their  steam  about  15  de- 
grees.   The  report  on  this  trial,  which  has  historical  impor- 
tance as  the  first  boiler  trial  in  which  the  amount  of  steam 
actually  made  and  its  quality  were  completely  determined,  can 
be  found  in  the  Transactions  of  the  American  Institute  of  the 
State  of  New  York,  1872.     Its  substance  is  also  given  in  my 
own  book  on  steam  boilers,  as  published  by  the  Wileys,  as  it 
marks  an  era  in  steam  boiler  construction  and  use. 

The  work  of  Messrs.  Porter  and  Allen,  in  the  introduction  of 
the  principle  of  high-speed  engine  construction  as  a  source  of 
economies,  and  their  services  as  pioneers  in  our  contemporary 
practice,  cannot  be  too  highly  honored.  When  they  began  they 
^ound  the  steam  engine  in  a  transition  stage,  and  it  was  their 
^ork  largely  which  raised  it  to  its  present  satisfactory  plane. 
They  did  much  to  give  it  its  present  excellence  and  admira- 
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ble  perfection  in  adaptation  to  modem  purposes.  It  was  Mr. 
Porter  who  first  seriously  undertook  the  construction  of  a 
steam  engine  which  should  be  especially  designed  to  take  ad- 
vantage of  the  obvious  economical  principle  of  the  high-speed 
engine,  and  to  introduce  it  as  such  in  the  face  of  prejudice,  con- 
servatism, and  habitually  defective  methods  of  construction* 
It  was  Mr.  Allen  who  first  sought  to  design  a  valve-gear  which 
should  be  a  positive  motion  gear,  and,  at  the  same  time,  give  a 
satisfactory  steam  distribution  at  all  speeds.  It  was  Messrs* 
Porter  and  Allen,  working  hand  in  hand,  who  made  the  high- 
speed engine  a  recognized  class  of  marketable  and  practical  con- 
struction, and  who  first  built  an  engine  which  could  be  driven  up 
to  previously  unattainable  speeds  without  sacrificing  utterly 
the  desirable  steam  distribution  secured  by  the  previously  exist- 
ing low-speed  machines.  It  was  their  success  in  attaining  these 
objects  which  made  the  revolution  which  followed  in  engine  con- 
struction for  electric  light  and  power  plants  possible,  commer- 
cially  and  constructively.  They  pointed  the  way  to  the  profes- 
sion in  this  field.  It  was  Messrs.  Porter  and  Allen  who  exerted 
such  an  influence  as  the  world  had  never  before  seen  in  a  moral 
way  :  showing  what  could  be  gained  by  absolute  loyalty  t-o  sci- 
entific principle  and  to  the  highest  possible  perfection  in  con- 
struction ;  and  I  am  sure  that  it  will  be  admitted  by  all  who 
have  seen  the  changes  since  their  pioneer  work  began,  that  this 
moral  influence  has  been  no  less  important,  if  not  indeed  of 
greater  importance,  than  that  exerted  in  any  other  line. 
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A  MECHANICAL  INTEGRA  TOR  USED  IN  CONNECTION 
WITH  A  SPRING  DYNAMOMETER. 

BT  MAX  H.  WICKHOBST,  AUBORA,  ILL. 

(Janior  Member  of  the  Society.) 

Thb  integrator  described  herein  is  one  designed  and  gotten 
np  by  the  author  for  use  in  the  dynamometer  car  of  the  Chicago, 
Burlington  and  Qaincy  Baibroad  for  the  purpose  of  automatic* 
ally  and  autographically  showing  the  average  drawbar  pull  or 
the  work  performed.  The  dynamometer  apparatus  of  this  car 
consists  of  a  spring  dynamometer,  with  suitable  recording 
apparatus  and  recording  pens  for  obtaining  a  record  of  the  com« 
pression  of  the  springs,  the  distance  travelled,  the  time  con« 
somed,  and  now,  also,  of  the  work  performed  in  suitable  units, 
sach  as  mile  pounds. 

The  mechanical  integrator  consists  of  a  registering  wheel, 
which  slides  backward  and  forward  in  sympathy  with  the  dyna- 
mometer  springs,  and  a  circular  disk,  making  in  this  case  nearlj 
three  revolutions  per  mile,  and  on  which  the  registering  wheel 
slides.  Fig.  19  shows  the  recording  apparatus  with  the  in- 
tegrator in  position,  and  the  general  arrangement  is  shown  on 
attached  diagrammatic  sketch  (Fig.  20).  The  registering  wheel 
is  a  small  steel  wheel  2  inches  in  diameter,  and  the  disk  is  brass, 
11  inches  in  diameter.  The  wheel  is  so  placed  that  when  there 
is  no  compression  of  the  springs  the  wheel  stands  on  the  centre 
of  the  disk.  Its  plane  is  at  all  times  at  right  angles  to  the  line  of 
motion  of  the  spring  compression.  Thus  the  farther  the  wheel 
gets  from  the  centre  of  the  disk,  the  more  revolutions  will  it 
make  for  a  given  number  of  revolutions  of  the  disk.  The  slid- 
ing of  the  wheel  back  and*forth  on  the  disk  causes  no  revolving 
of  the  wheel.     Only  the  turning  of  the  disk  causes  the  wheel  to 

•Presented  at  the  New  York  meeting  (December,  1900)  of  ilie  American  Soci- 
ety of  Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the  Trana- 
aetiant. 
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revolve,  and  in  proportion  to  the  distance  the  wheel  ia  from  the 
centre  of  the  disk- 
In  the  Chicago,  Burlington  and  Quincy  car  the  dynamometer 
recording  pen  makes  an  ordinate  equal  to  twice  the  compression 
of  the  springs,  and  the  wheel  slides  back  and  forth  in  rigid  con- 
nection with  the  same  bara  which  hold  the  recording  pen,  and 
thus  moves  the  s^me  amount  as  the  pen.    Thas,  if  the  pen  make 


i 


an  ordinate  of  1  inch,  the  wheel  will  make  1  revolution  for  each 
revolution  of  tho  disk,  the  wheel  being  2  inches  in  diameter  and 
revolving  on  the  disk  1  inch  from  the  centre.  If  the  disk  makes 
3  revolutions  per  mile,  the  integrator  wheel  will  make  3  revolu- 
tions per  mile  for  an  ordinate  of  1  inch.  Then  an  ordinate  of  ^ 
inch  for  1  mile  causes  1  revolution  of  the  wheel;  that  is,  1  revo- 
lution of  wheel  in  1  mile  is  equal  to  i  inch  ordinate ;  3  revolutions, 
to  1  inch  ordinate ;  6  revolutions,  to  2  incliea  ordinate  ;  15  revolu- 
tions, to  5  inches  ordinate,  etc.      The    work   represented  by 
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Fig.  20. 


each  revolution  of  the  integrating  wheel  may  be  found  by  the 
fonnula  shown  below. 
Let  w  =  mile-pounds  of  work  per  revolution  of  integrator 
wheel. 
0  =  any  ordinate  made  by  pen. 
r  =  pounds  resistance  for  the  given  ordinate. 
i  =  diameter  of  integrator  wheel  in  inches. 
d  =  revolutions  of  disk  per  mile. 
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s  =  space  or  distance  travelled  in  miles. 

p  =  average  drawbar  poll  for  any  given  distance. 

n  =  number  of  revolutions  of  integrator  wheeL 

Then,  w  = 


27ro       ,      2do' 
— -  X  a 
ni 

wn       rin 


8       2do8' 
Where  8=1  mile,  p  =  ton. 
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Draw-Bar  PuU^l"Ordinate  eqioals  0000  lbs. 


Datum  Line,— or  Line  of  0  Draw-Bar  Pnll. 
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Integrator  Record— Each  space  equals  515  ml-lbs.  of  work. 


Post  Wle 

108.  Time  Record— Each  space  equals  5  seconds.  No. 


Poat 
IM. 
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WicUiont 

Fig.  21. 


Our  method  of  recording  the  revolutions  made  by  the  wheel 
is  to  let  the  wheel  close  an  electric  circuit  every  i  revoltition. 
This  actuates  an  electro-magnet,  which  in  turn  actuates  a  record- 
ing pen.  Thus,  when  the  car  moves,  the  paper  moves  under  the 
pen  at  the  rate  of  12  inches  per  mile,  the  pen  making  a  line,  and 
at  every  i  revolution  a  notch  is  made  in  this  line.  By  counting 
the  number  of  these  notches  for  any  mile,  and  then  multiplying 
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hj  the  proper  factor,  we  get  the  mile-pounds  of 'work  for  this 
mile,  and  bj  then  diyiding  by  1,  the  average  drawbar  pull. 

To  show  how  the  integrator  record  is  taken,  a  facsimile  copy, 
reduced  (Fig.  21),  of  the  record  taken  in  the  dynamometer  car  is 
shown.  It  will  be  noticed  that  this  record  leaves  the  integrator 
readings  in  such  shape  that  they  can  be  checked  by  means  of 
the  planimeter.  Such  checkings  have  shown  that  with  ordinate 
of  8  or  4  inches  the  integrator  and  planimeter  results  agree 
within  a  fraction  of  a  per  cent.  With  small  ordinates  the  differ- 
ences amount  to  1  or  2  per  cent.,  and  occasionally  more,  depend- 
ing on  the  care  taken  to  set  the  integrator  wheel  correctly  on  the 
centre  of  the  disk,  where  there  is  no  strain  on  the  dynamometer. 

Finally,  I  wish  to  express  my  thanks  to  Mr.  P.  H.  Cummings, 
who  made  the  necessary  shop  drawings,  and  looked  after  the 
details  of  making  the  instrument,  and  made  many  valuable  sug- 
gestions, and  also  to  Messrs.  J.  C.  Thorpe  and  £.  Y.  Hanson  for 
their  work  and  suggestions  in  connection  with  same  matter. 

DISOUSSION. 

Mr.  A.  F.  Nagle, — If  the  author  of  the  paper  is  present,  I  would 
like  to  ask  whether  he  experienced  any  difficulty  with  the  sur- 
faces of  the  wheels.  I  see  he  used  a  brass  wheel  for  the  disk, 
and  steel  for  the  roller.  I  would  like  to  know  whether  he  experi- 
mented with  iron  or  wooden  or  paper  wheels  before  he  decided 
to  use  the  brass  wheel ;  whether  there  was  any  difficulty  with 
the  surfaces  of  contact  between  the  two  wheels. 

Prof.  Sidney  A.  Reeve, — I  wish  to  ask  the  same  question.  I 
recently  built  an  integrating  transmission  dynamometer,  or  power 
meter,  for  practically  the  same  purpose,  using  a  steel  wheel  run- 
ning on  a  brass  disk.  In  the  first  construction,  the  integrator 
revealed  serious  inaccuracy,  due  to  the  slipping  of  the  wheel  on 
the  brass  disk. 

Mr,  R.  n.  Sonle. — ^The  author  seems  to  have  contented  him- 
self with  a  description  of  his  apparatus  ;  but  he  does  not  tell  us 
how  the  diagram  which  is  made  by  it  may  be  interpreted..  Hav- 
ing had  at  one  time  some  experience  in  connection  with  one  of 
the  dynamometer  cars  in  use  on  the  Pennsylvania  Eailroad,  I  was 
curious  to  pursue  this  matter  a  little  further  and  to  see  whether 
the  diagram  afforded  a  ready  means  for  quickly  ascertaining  the 
horse-power  which  was  being  developed  by  the  locomotive,  say 
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during  any  one  minute  of  the  run ;  and  if  I  have  interpreted  the 
description  of  the  apparatus  rightly,  I  conclude  that  it  is  possible 
to  make  a  quick  and  ready  reading  of  the  diagrams,  and  I  have 
prepared  some  notes  to  offer  in  that  connection. 

The  diagram  states  that  each  space  of  the  int^rator  record 
line  represents  515  mile  pounds  of  work.  This  is  equiyalent  to 
2,719,200  foot  pounds  of  work.  The  horse-power  which  is  being 
developed  by  the  locomotive  under  test  during  any  one  minute 
may  be  computed  as  follows  :  As  each  space  on  the  time  record 
line  represents  5  seconds,  12  such  spaces  will  represent  1  minute ; 
take  any  12  consecutive  spaces  on  the  time  line,  and  erect  ordi- 
nates  at  the  extremities  to  intercept  the  int^rator  record  line ; 
the  portion  of  the  integrator  record  line  included  between  these 
ordinates  will  be  a  measure  of  the  work  done  by  the  locomotive 
in  that  1  minute. 

Let  a  =  number  of  spaces  on  integrator  record  line  included 
between  ordinates  from  time  record  line ;  then, 

TIP  -  ^  ^  2 J19,200 
"        33,000      ' 

which  resolves  itself  into  the  simple  equation,  BP  =  82.4  a  / 
that  is,  ascertain  the  number  of  spaces  on  the  integrator  record 
line  intercepted  between  the  two  end  ordinates  corresponding  to 
12  spaces  on  the  time  record  line,  and  multiply  by  82.4,  and  you 
have  the  horse-power  being  developed  by  the  locomotive  during 
that  particular  minute. 

At  the  left-hand  end  of  the  diagram,  a  =  8  (approximately),  in 
which  case  the  horse-power  for  that  particular  minute  would  be 
8  times  82.4,  or  659.2. 

If  the  integrator  record  line  has  the  same  number  of  notches 
as  the  time  record  line,  then  a  =  12,  and  HP—  82.4  x  12=988.8 ; 
that  is,  very  near  to  1,000  ;  from  which  it  may  be  inferred  that 
when  the  number  of  notches  in  the  integrator  record  line  and 
tlie  time  record  line  is  the  same,  the  locomotive  is  developing 
about  1,000  horse-power  at  the  dynamometer  spring. 

Mr.  Nagle, — Is  that  horse-power  net  horse-power  or  indicated 
horse-power  to  be  computed  from  the  formula ;  that  is,  horse- 
power at  the  brake  bar  ? 

Mr,  SouU, — That,  of  course,  would  be  the  horse-power  which, 
was  revealed  by  the  dynamometer  car  through  its  draft  spring. 
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and  would  not  correspond  exactly  to  the  indicated  horse-power 
of  the  locomotive. 

Jfr.  Nagle. — Will  Mr.  Sonle  tell  me  what  he  thinks  is  the  effi- 
dency  relation  between  the  draw-bar  pull  and  the  indicated  power 
of  the  locomotive  ? 

Mr.  Saule. — ^It  is  generaUy  assumed,  I  believe,  that  the  internal 
friction  of  a  locomotive  ranges  in  the  neighborhood  of  10  per  cent., 
and  you  would,  of  course,  have  to  add  something  for  the  tractive 
efforts  being  exerted  by  the  locomotive  to  drag  itself,  and  possibly 
the  dynamometer  car,  along,  although  I  presume  that  the  dyna- 
mometer car  would  be  so  set  in  the  train  that  the  recording  spring 
would  be  at  its  front  end ;  and  then  another  complication  would 
come  in ;  that  is,  we  would  have  to  consider  the  question  whether 
the  locomotive  was  operating  on  a  level  or  on  a  grade  at  the  par- 
ticular time  when  this  observation  was  made.  So  it  is  a  very 
hard  question  to  answer ;  but  I  should  imagine  that  the  horse- 
power revealed  by  the  dynamometer  car  would  range  from  at 
least  10  per  cent,  to  almost  any  larger  per  cent,  (depending  on 
the  grade  on  which  the  locomotive  was  working)  less  than  the 
indicated  horse-power  of  the  locomotive  at  the  same  time. 

Mr,  Nagle. — ^I  have  understood  that  the  efficiency  of  a  loco- 
motive, or  the  relation  between  the  indicated  power  and  the 
draw-bar  pull,  is  only  about  42  per  cent.  Locomotive  men  can 
correct  me  if  I  am  mistaken  in  that.  If  that  be  the  case,  this 
illustration  that  the  speaker  has  given  would  indicate  that  the 
locomotive  exerted  over  2,000  indicated  horse-power.  It  seems 
to  me  that  is  far  in  excess  of  the  steam  generating  power  of  the 
boOer. 

Mr,  Soule. — In  reference  to  that  indication  of  1,000  horse-power, 
I  simply  said  that  that  would  be  the  conclusion  which  we  should 
be  justified  in  arriving  at  if  the  number  of  notches  in  the  integrator 
record  line  was  the  same  as  the  number  of  notches  in  the  time 
record  line.  Of  course,  if  the  locomotive  was  not  capable  of  de- 
veloping sufficient  horse-power  to  correspond  to  1,000  horse-power 
developed  at  the  dynamometer  spring,  that  condition  never  could 
exist.  I  was  not  aware  before  that  the  efficiency  of  the  locomo- 
tive was  reputed  to  be  so  very  low  as  42  per  cent.;  if  that  is  true, 
it  never  could  happen  that  the  number  of  notches  would  be  the 
same  on  the  two  lines,  because  the  largest  horse-power  that  I 
have  ever  heard  attributed  to  a  locomotive,  so  far,  is  1,750. 

Mr,  Wm.  O.  Webber. — I  have  no  recent  data  to  substantiate 
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what  I  have  to  say,  but  I  was  the  original  engineer  of  tests  of 
the  Chicago,  Burlington,  and  Qnincy  road,  and  made  a  large 
number  of  experiments,  indicating  locomotives  and  ascertaining 
the  resistance  of  trains.  My  recollection  is  that  we  got  efficiencies 
all  the  way  from  62  to  78  per  cent,  on  locomotives,  but  I  have 
not  any  of  the  data  now  at  hand  in  my  possession. 

The  President, — I  would  ask  Mr.  Webber  if  he  remembers  what 
the  maximum  horse-power  was  at  the  cards. 

Mr.  Webher, — No,  sir,  I  do  not  know.  Those  tests  were  made 
from  1876  to  1881  or  1882,  and  I  have  no  recollection  at  all.  The 
engines  on  which  our  tests  were  made  were  not  laige  engines  in 
those  days.  Most  of  our  tests  were  made  on  16  by  24  engine — 
16  and  17  by  24  engine.  I  think  that  the  largest  indicated  horse- 
power we  got  was  something  like  1,000  to  1,100,  not  over  that. 
But  those  were  small  engines. 

Mr.  Max  H.  Wickhorst* — In  answering  the  questions  asked  in 
the  discussion,  I  would  say,  first,  in  reply  to  Mr.  Nagle,  that  I 
found,  while  getting  up  the  integrator,  it  was  very  necessary  ta 
have  the  bearings  for  the  steel  wheel  as  nearly  frictionless  as 
possible,  and  finally  used  bearings  consisting  of  a  hardened  steel 
pivot  in  a  hardened  steel  cup.  Probably  agate  cups  would  be 
better  yet.  Where  bearings  are  not  almost  frictionless,  the  error 
from  sUppage  might  be  seriou&  In  the  use  of  the  instrument,  I 
have  so  far  used  a  hardened  steel  wheel  on  the  brass  disk  which 
had  shellacked  on  to  it  a  piece  of  smooth  enamelled  doth,  giving 
a  rubber-like  surface.  This,  however,  has  seemed  to  me  unneces- 
sary, and  I  expect  now  to  let  the  steel  wheel  rest  directly  on  the 
brass  disk. 

The  method  which  Mr.  Soule  suggests  for  obtaining  the  dyna- 
mometer horse-power  is  simple  and  valuable.  I  have  not  hereto- 
fore used  the  dynamometer  diagram  in  this  manner,  and  therefore 
wish  to  thank  Mr.  Soule  for  the  method  to  which  he  calls  atten- 
tion. 


*  Author's  closure,  under  the  Rules. 
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Wo.  871.* 

THE  CONSTRUCTION  OF  CONTRACTS. 

BT  BBOXNAI.D  PBLHAM  BOLTON,  NEW  TOBK  CITT. 

(Member  of  the  Society.) 

The  provisions  of  contracts  are  matters  which,  to  any  body  of 
men  engaged  in  almost  any  pursuit  of  business,  are  of  direct 
interest.  I  have  frequently  found  that  engineers  are  considerable 
sufferers  from  their  engagement  in  contracts  which,  by  their  lack 
of  proper  provision,  involved  them  in  loss  or  misunderstanding. 
The  technicality  of  the  questions  liable  to  arise,  and  the  increasing 
tendency  to  combine  various  constructions  under  the  same  con- 
tract, have  led  me  in  my  practice  to  make  a  study  of  the  matter 
of  disputable  points,  with  a  view  to  their  exposition  in  my  speci- 
fication, so  that  all  parties  shall,  previous  to  entering  on  a  con- 
tract, have  the  probable  elements  of  discord  as  far  as  possible 
discounted. 

My  own  form  of  contract  has  been  a  simple  agreement  in 
which  for  a  certain  consideration  the  parties  agree  to  perform 
the  work  as  described,  and  further  agree  to  adopt  as  a  portion  of 
their  agreement  the  clauses  referred  to.  I  have,  however,  fre- 
quently been  foiled  in  this,  I  believe,  laudable  effort  by  the  adop- 
tion by  owner  or  contractor  of  the  so-called  "  Uniform  Contract," 
in  which  a  number  of  people  seem  to  have  great  faith,  on  account 
of  its  adoption  and  recommendation  for  general  use  by  the  Ameri- 
can Institute  of  Architects  and  the  National  Association  of 
Builders.  I  have  found  this  contract  lacking  in  practice,  for 
reasons  which  I  think  may  be  of  sufficient  interest  to  command 
the  attention  of  the  Society,  especially  as  many  engineers  are 
brought  under  its  provisions  indirectly  as  sub-contractors  to 
builders  and  others. 

The  form  is  as  follows,  those  phrases  to  which  I  desire  to  draw 
attention  being  italicised : 


*  Presented  at  the  New  York  meeting,  December,  1900,  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Vol.  XXII.  of  the  Trans- 
Metions. 
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THE  UNIFORM   CONTRACT. 


ArehUecU. 


FORM    OF    CONTRACT 

ADOPTED  AND  RBOOMXEKDBD    FOR    GENERAL    USE 

BY  THE  ».....^— ..^ ■ I 

AMEBIC  AX  INSTITUTE  OF  ARCHITECTS 

AND  TUE 

NATIONAL  ASSOCIATION  OF  BUILDERS. 

This  Agreement,  made  the -day  of 

in  the  vear  one  thousand  nine  hundred „ 

by  and  between 

^ party  of  the  first  part 

(hereinafter  designated  the  Contractor),  and ~ 

~.  party  of  the  second  part 

(hereinafter  designated  the  Owner), 

S9itne00et^  that  the  Contractor,  in  consideration  of  the  fulfillment  of  the  agree- 
ments herein  made  by  the  Owner,  agrees  with  the  said  Owner,  as  follows  : 
Article  I.  The  Contractor  under  the  direction  and  to  the  gatiafaetion  of 

Architects, 

acting  far  the  purposes  of  this  contract  as  agents  of  the  said  Owner,  shall  and  will 
provide  all  the  materials  and  perform  all  the  work  mentioned  in  the  specifications 
and  shown  on  the  drawings  prepared  by  the  said  Architects  for  the 


which  drawings  and  specifications  are  identified  by  the  signatures  of  the  parties 
hereto. 

Art.  II.  The  Architects  shall  furnish  to  the  Contractor  such  further  drawings 
or  explanations  as  may  be  necessary  to  detail  and  illustrate  the  work  to  be  done, 
and  the  Contractor  shall  conform  to  the  same  as  part  of  this  contract  so  far  as 
they  may  l>e  consistent  with  the  original  drawings  and  specifications  referred  to 
and  identified,  as  provided  in  Art.  I. 

It  is  mutually  understood  and  agreed  that  all  drawings  and  speeffieaHans  are 
and  remain  the  property  of  the  Architects. 

Art.  III.  No  alterations  shall  be  made  in  the  work  shown  or  described  by 
the  drawings  and  s|>ecifications,  except  upon  a  written  order  of  the  Architects, 
and  when  so  made,  the  value  of  the  work  added  or  omitted  shaU  be  computed  b^ 
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the  ArehUeets,  and  the  amount  so  ascertained  shall  be  added  to  or  deducted  from  the 
contract  price.  In  the  case  of  dissent  from  such  award  by  either  party  hereto, 
the  valuation  of  the  work  added  or  omitted  shall  be  referred  to  three  (3)  dUinter- 
etted  Arbitrators,  one  to  be  appointed  by  each  of  the  parties  to  this  contract,  and 
the  third  by  the  two  thus  chosen  ;  the  decision  of  any  two  of  whom  shall  be 
final  and  binding,  and  each  of  the  parties  hereto  shall  i)ay  one-half  of  the 
expenses  of  such  reference. 

Abt.  IV.  The  Contractor  shall  provide  sufficient,  safe  and  proper  facilities  at 
all  tiokee  for  the  inspection  of  the  work  by  the  Architects  or  their  authorized 
representatives.  Jffe  tkaUt  wUhin  twenty-four  hourt  after  receiving  written 
notice  from  the  Architects  to  that  effect,  proceed  to  remove  from  the  grounds  or 
buildings  (Ul  nuUeriaU  condemned  by  tbem,  whether  worked  or  un  worked,  and 
to  take  down  all  portions  of  the  work  which  the  Architects  shall  by  like  written 
notice  condemn  as  unsound  or  improper,  or  as  in  any  way  failing  to  conform  to 
the  drawings  and  specifications. 

Art.  V.  Should  the  Contractor  at  any  timo  refuse  or  neglect  to  supply  a 
sufficiency  of  properly  skilled  workmen,  or  of  materials  of  the  proper  quality,  or 
fail  in  any  respect  to  prosecute  the  work  with  promptness  and  diligence,  or  fail 
in  the  performance  of  any  of  the  agreements  herein  contained,  such  refusal, 
neglect  or  failure  being  certified  by  the  Architects,  the  Owner  shall  be  at  liberty, 

after. days'  written  notice  to  the  Contractor,  to  provide  any 

sach  labor  or  materials,  and  to  deduct  the  cost  thereof  from  any  money  then  due 
or  thereafter  to  become  due  to  the  Contractor  under  this  contract ;  and  if  the 
Architects  shall  certify  that  such  refusal,  neglect  or  failure  is  sufficient  ground 
for  sach  action,  the  Oioner  shall  also  be  at  liberty  to  terminate  the  employment  of 
the  Contractor  for  the  said  work  and  to  enter  upon  the  premises  and  take  pos- 
session, for  the  purpose  of  completing  the  work  comprehended  under  this  con- 
ti"act,  of  all  materials,  tools  and  appliances  thereon,  and  to  employ  any  other  per- 
son or  persons  to  finish  tliework,  and  to  provide  the  materials  therefor  ;  and  in 
case  of  such  discontinuance  of  the  employment  of  the  Contractor  he  shall  not  be 
entitled  to  receive  any  further  payment  under  this  contract  until  the  said  work 
shall  be  wholly  finished,  at  which  time,  if  the  unpaid  balance  of  the  amount  to 
befttid  under  this  contract  shall  exceed  the  expense  incurred  by  the  Owner  in 
finishing  the  work,  such  excess  shall  be  paid  by  the  Owner  to  the  Contractor, 
but  if  such  expense  shall  exceed'  such  unpaid  balance,  the  Contractor  shall  pay 
the  difference  to  the  Owner.  The  expense  incurred  by  the  Owner  as  herein  pro- 
tided,  either  for  fumishmg  materials  or  for  finishing  the  work,  and  any  damage 
incurred  through  such  default,  sJiall  be  audited  and  certified  by  the  Architect^, 
whose  certificate  thereof  shall  be  conclusive  upon  the  parties. 

Art.  VI.  The  Contractor  shall  complete  the  several  portions,  and  the  whole 
of  the  work  comprehended  in  this  Agreement  by  and  at  the  time  or  times  herein- 
after stated  


provided  that- 


Art.  VII.  Should  the  Contractor  be  obstructed  or  delat/ed  in  the  prosecution  or 
completion  of  his  work  by  the  act,  neglect,  delay  or  default  of  the  Owner,  or  the 
ArehUeets,  or  of  a?»y  other  contractor  employed  by  the  Owner  upon  the  work,  or 


94  THE   CONSTRUCT]  ON  OP   CONTRACTS. 

by  any  damage  which  may  happen  by  fire,  lightning,  earthquake  or  cyclone,  or 
by  the  abandonment  of  the  work  by  the  employees  through  no  default  of  the 
Contractor,  then  the  time  herein  fixed  for  the  completion  of  the  work  shaU  be  ex- 
tended for  a  period  equivalent  to  the  time  lost  by  reason  of  any  or  all  of  tho 
causes  aforesaid  ;  but  no  such  allowance  shall  be  made  unless  a  claim  therefor 
is  presented  in  writing  to  the  Architects  within  twenty-four  hours  of  the  occur- 
rence of  such  delay.  The  duration  of  such  extension  shall  he  certified  to  hy  the 
Architects  J  but  appeal  from  their  decision  may  be  made  to  arbitration,  as  pro- 
vided in  Art.  III.  of  this  contract. 

Art.  VIII.  The  Owner  agrees  to  provide  all  labor  and  materials  not  included 
in  this  contract  in  such  manner  as  not  to  delay  the  material  progress  of  the  work, 
and  in  the  event  of  failure  so  to  do,  thereby  causing  loss  to  the  Contractor, 
agrees  that  he  will  reimburse  the  Contractor  for  such  loss;  and  the  Contractor 
agrees  that  if  he  shall  delay  the  material  progress  of  the  work  so  as  to  cause  any 
damage  for  which  the  Owner  shall  become  liable  (as  above  stated),  then  he  shall 
make  good  to  the  Owner  any  such  damage.  The  amount  of  such  loss  or  damage 
to  either  party  hereto  shall,  in  every  case,  he  fixed  and  determined  hy  the  Arehi^ 
tects  or  by  arbitration,  as  provided  in  Art.  III.  of  this  contract. 

Art.  IX.  It  is  hereby  mutually  agreed  between  the  parties  hereto  that  the 
sum  to  be  paid  by  the  Owner  to  the  Contractor  for  said  work  and  materials  shall 


be  $ 


subject  to  additions  and  deductions  as  hereinbefore  provided,  and  that  such  sunt 
shall  be  paid  in  current  funds  by  the  Owner  to  the  Contractor  in  installments,  as 
follows  : 


The  final  payment  shall  be  made  within days  after  thi» 

contract  is  fulfilled. 

All  payments  shall  be  made  upon  written  certificates  of  tJie  Architects  to  the 
effect  that  stich  payments  hare  heroine  due. 

If  at  any  time  there  shall  be  evidence  of  any  lien  or  claim  for  which,  if  estab- 
lished, the  Owner  or  the  said  premises  might  become  liable,  and  which  is  charge- 
able to  the  Contractor,  the  Owner  shall  have  the  right  to  retain  out  of  any  pay- 
ment then  due  or  thereafter  to  become  due  an  amount  sufi&cient  to  completely 
indemnify  him  against  such  lien  or  claim.  Should  there  prove  to  be  any  such 
claim  after  all  payments  are  made,  the  Contractor  shall  refund  to  the  Owner  all 
moneys  that  the  latter  may  be  compelled  to  pay  in  discharging  any  lien  on  said 
premises  made  obligatory  in  consequence  of  the  Contractor's  default. 

Art.  X.  It  is  further  mutually  agreed  between  the  parties  hereto  that  no  cer- 
tificate given  or  payment  made  under  this  contract,  except  the  final  certificate  or 
final  payment,  shall  be  conclusive  evidence  of  the  performance  of  this  contract, 
either  whoUv  or  in  part,  and  that  no  payment  shall  be  construed  to  be  an  accep- 
tance of  defective  work  or  improper  materials. 

Art.  XI.  The  Owner  shall  during  the  progress  of  the  work  maintain  fall 
insurance  on  said  work,  in  his  own  name  and  in  the  name  of  the  Contractor, 
against  loss  or  damage  by  fire     The  policies  shall  cover  all  work  incorporated  in 
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the  bailding,  and  all  materials  for  the  same  in  or  about  the  premises,  and  shall 
be  made  payable  to  the  parties  hereto,  as  their  interest  may  appear. 


^RT.  XTI.  The  said  parties  for  themselves,  their  heirs,  executors,  administra- 
tors and  assigns,  do  hereby  agree  to  the  full  performance  of  the  covenants  herein 
contained. 

|r  WSintSS  WBilftXtoft  the  jMirtles  to  these  presents  have  hereunto  set  their 
hands  and  seals,  the  day  and  year  first  above  written. 

In  presence  of 


:SEAL: 

•  • 

•••••••• 

•      -SEAL: 

•"     -SEAL: 

-     :SKAL: 


In  so  far  as  this  form  of  agreement  may  be  utilized  for  the 
purposes  of  contracts  of  an  engineering  nature  it  is  a  veiy  lame 
and  amateur  affair.  It  does  not  appear  to  have  had  that  amount 
of  technical  and  legal  ability  in  its  composition  which  a  docu- 
ment of  so  much  importance  would  properly  demand,  but  it  is 
evidently  a  rather  feeble  attempt  to  produce  some  sort  of  form 
which  shall  avoid  the  necessity  for  recurring  to  a  lawyer  when  an 
agreement  is  to  be  entered  upon.  A  little  acquaintance  with  law, 
as  well  as  a  little  technical  knowledge  of  any  sort,  is  proverbially 
a  dangerous  thing. 

An  agreement,  to  be  satisfactory  for  general  use,  must  mani- 
festly be  a  very  skeleton  affair.  In  this  instance  it  is  in  part 
uuduly  detailed  for  the  purpose,  and  in  other  respects  entirely 
wanting  in  proper  provision.  It  is  a  good  axiom  that  in  such 
agreements  the  easiest  way  to  avoid  misunderstandings  is  to 
avoid  terms  liable  to  misunderstanding. 

ARTICLE   I. 

The  architects  or  engineers  should  not  merely  be  named  as 
acting  as  agents  of  the  owner,  but  a  specific  delegation  of  authority 
to  act  on  every  question  connected  with  the  contract  should  be 
made  binding  on  the  owner.     Absence  of  this  provision  enables 
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architects  or  engineers  to  assume  or  decline  responsibility  at  their 
discretion. 

"  Satisfaction  "  is  a  loose  term  which  has  caased  endless  diffi- 
culties ;  and,  as  the  courts  have  over  and  again  decided  that  dis- 
satisfaction must  have  a  reasonable  basis,  the  term  might  just  as 
well  be  made  clear  by  the  addition  of  the  words  "  proper "  or 
"  reasonable. ' 

The  word  **  mentioned^^  is  also  liable  to  misconstruction ;  and  a 
better  and  more  secure  word  is  "  described  " — the  object  of  a 
properly  written  specification  being  to  so  describe  all  the  details 
that  they  can  be  identified  by  those  familiar  with  the  trade  in 
question.  Only  too  many  architectural  specifications  are,  how- 
ever, drawn  on  a  "  mentioning  "  basis. 

ARTICLE   II. 

I  do  not  think  the  architects  or  engineers  can  in  equity  main- 
tain a  property  in  published  copies  of  their  drawings  and  specifi- 
cations. They  are  necessary  to  the  contractor,  and  are  afforded 
as  part  of  the  agreement,  and  are  a  component  of  his  defence 
against  unjust  claims  or  for  recovery  of  his  money. 

This  clause  is  a  matter  between  the  owner  and  the  professional 
man. 

No  consideration  passes  between  the  contractor  and  the  pro- 
fessional man,  and  therefore  this  provision  is  futile  on  the  face. 

ARTICLE  III. 

This  clause  lacks  an  important  provision  in  the  interest  of  the 
owner,  viz.,  that  any  additional  work  or  alteration  of  same  shall 
be  carried  out  in  the  same  manner  as  the  work  actually  comprised 
in  the  specification,  and  under  the  provisions  of  the  agreement. 
There  is  no  binding  agreement  on  the  part  of  the  contractor  to 
do  any  alteration  work,  even  if  a  written  order  is  issued,  as  he 
has  only  agreed  to  obey  their  directions  in  respect  of  the  specified 
work.  I  do  not  see  why  the  value  of  work  added  or  omitted 
should  be  computed  by  the  architect  rather  than  by  the  con- 
tractor. The  latter  is  in  a  far  better  position  to  ascertain  the 
most  dependable  figure,  having  access  to  information  as  to  labor, 
and  a  knowledge  of  the  actual  cost  of  materials  and  freight,  which 
is  not  available  to  architects.  As  a  matter  of  fact,  in  ninety- 
nine  cases  in  a  hundred  the  figures  are  so  ascertained,  and  the 
architects  use  them  as  a  basis  for  their  alleged  original  findings. 
The  saddle  should  set  the  other  way  round.     The  clumsy  arbitra- 
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tion  proyision  should  be  placed  in  a  clause  by  itself.  It  does  not 
exclnsiyely  appertain  to  the  provisions  of  this  article,  but  to  Nos. 
Yll.  and  VIII.    Its  proper  position  is  as  Art.  XIII. 

It  would  be  much  better  drawn  in  manner  usual  elsewhere,  so 
that  an  agreed  or  preliminary  reference  may  be  made  to  one  dis- 
interested party  only.  As  it  is,  the  expense  of  the  services  of 
three  arbitrators  is  liable  to  preclude  the  operation  of  the  provi- 
sion. 

ARTICLE  IV. 

The  requirement  that  contractors  shall  commence  removal  of 
condemned  material  within  twenty-four  hours  after  receiving 
notice  is,  for  very  many  cases,  an  impracticable  one. 

A  mere  notice  from  the  architects  of  their  condemnation  does 
not  necessarily  prove  that  the  work  is  justly  condemned,  and  the 
contractor  would  be  fully  justified  by  the  courts  in  taking  any 
reasonable  time  to  ascertain,  by  other  inspection  and  opinion,  by 
test  or  by  the  operation  of  time  and  of  the  elements,  whether  the 
work  is  not  in  fact  in  compliance  or  reasonably  satisfactory.  The 
time  limit  is,  therefore,  only  an  attempt  at  constructing  a  club  to 
enforce  an  instant  compliance  with  the  demands  of  the  archi- 
tects, or,  in  default,  to  constitute  a  breach  of  covenant. 

ARTICLE   V. 

If,  by  misfortune,  by  loss,  or  by  the  underestimating  of  the 
work,  the  contractor  finds  himself  in  the  position  provided  for  in 
this  article,  he  has  bound  himself  to  stand  by,  without  authority 
to  interfere  in  the  methods,  prices  or  arrangements  by  which  his 
contract  work  is  completed  by  the  owner. 

I  do  not  know  if  this  matter  has  been  fought  out  in  the  courts, 
but  equitable  law  would  appear  to  me  to  demand  that  a  man 
should  have  a  voice  in  the  disposition  of  his  own  property,  and 
that  he  should  not  be  bound  beforehand  to  the  acceptance  with- 
out the  relief  of  arbitration,  of  the  dicta  of  the  architects,  who 
are  agents  of  the  party  disposing  of  the  money. 

The  construction  of  the  article  assumes  as  a  basis  the  injury 
only  of  the  owner,  and  ignores  the  probability  of  injurj^  of  the 
contractor  by  the  operations  of  the  owner  or  his  agents. 

Numerous  cases  are  known  where  contractors  have  been  led 
into  this  position  of  forcible  termination  of  their  contract  rights, 
by  action,  direct  or  indirect,  of  the  owner  or  of  his  agents. 

No  remedy  would,  however,  under  the  clause,  be  found  for  a 
7 
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contractor  who  had  been  over-persnaded  to  accept  a  contract  on 
terms  which  afterwards  landed  him  in  difficulties,  or  who  had 
based  calculations  on  insufficient  information  or  plans,  or  who 
had  declined  to  proceed  with  work  insufficiently  detailed,  or  to 
rebuild  work  so  tardily  condemned  as  to  involve  destruction  of 
other  work  to  a  ruinous  extent. 

The  wording  of  this  article  is  a  very  good  illustration  of  the 
spirit  of  such  agreements  as  that  under  consideration,  which  re- 
gard the  owners'  contingent  profits,  and  his  rights  in  possession 
of  the  monetary  equivalent  of  the  work,  as  superior  to  any  of  the 
parallel  rights  of  the  contractor. 

When  the  proper  view  of  the  respective  rights  obtains,  it  will 
be  realized  in  law  that  as  soon  as  a  contractor  is  pledged  by  an 
owner  to  the  commission  of  certain  duties,  the  setting  in  opera- 
tion of  his  organization,  and  the  undertaking  of  immediate  and 
prospective  expenditures,  all  involving  inevitable  cost,  then  the 
owner  is  by  the  same  operation  pledged  to  the  issuance  of  the 
monetary  equivalent  for  the  same,  and  will  not  be  permitted  to 
dispose  of  that  equivalent,  which  has  become  in  equity  the  prop- 
erty, in  escrow,  of  the  contractor.  The  equitable  view  and  sys- 
tem is  that  a  contract  constitutes  a  lien  or  engagement  by  the 
owner  of  his  belongings,  to  the  extent  of  the  sum  involved,  and 
to  prevent  fraudulent  disposition  of  the  amount,  it  would  be  only 
fair  that  it  should  be  deposited  with  suitable  authority  for  its  due 
disposition,  either  in  payment  of  the  contractor,  or  in  his  default, 
in  payment  for  the  means  to  complete  his  work. 

For  this  proper  system  to  obtain,  however,  the  general  body  of 
business  men  must  be  considerably  educated  from  their  present 
standpoint,  and  new  methods  of  insurance  of  payments  will  prob- 
ably then  be  brought  to  the  aid  of  proprietors  of  money. 

The  present  system  bears  a  good  deal  of  the  methods  of  savage 
rights  of  possession. 

ARTICLE    VI. 

Is  a  skeleton,  and  may,  therefore,  be  made  to  comprise  a  num- 
ber of  desirable  features,  which  might  have  been  provided,  and 
which  I  outline  later. 

ARTICLE    VII. 

In  this  article  the  architects,  or  engineers,  are  constituted  the 
judges  of  the  value  and  extent  of  their  own  acts,  neglect,  delay, 
or  default,  and  the  injustice  is  further  complicated  by  another 
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provision  of  a  time  limit  of  similar  impracticable  nature  to  that 
in  Article  IV. 

Such  an  article  cannot  be  good  in  law,  and  the  only  saving 
clause  is  the  reference  over  the  heads  of  owner  and  agents  to 
arbitration,  a  very  clumsy  method  of  balancing  a  manifest  im- 
propriety. 

ARTICLE  VIII. 

The  same  remarks  hold  good  in  respect  of  Article  VIII.,  which 
is  almost  equally  one-sided. 

I  venture  to  doubt  if  a  man  can  thus  sign  away  his  right  to 
justice,  or  place  judgment  for  the  losses  he  sustains  by  the  action 
of  another,  in  that  person's  entire  discretion. 

ARTICLE  IX. 

If  certificates  by  an  architect  or  engineer  are  unduly  or  un- 
reasonably delayed,  there  should  be  some  penalty  of  interest 
added — a  spur  to  action  in  the  direction  of  payments  is  just  as 
proper  as  the  same  provisos  appertaining  to  the  contractor. 

liens  are  very  carefully  safe-gaarded  in  the  owners'  interest, 
but  ignored  from  the  point  of  view  of  the  contractor,  who  has  as 
much  right  to  just  protection  of  his  property. 

ARTICLE  X. 

Is  SO  drawn  that  the  "  final  certificate  "  constitutes  conclusive 
evidence  of  full  performance  of  contract,  but  no  definition  is  given 
of  what  this  final  certificate  is,  and  it  is  open  to  the  construction 
that  it  is  that  issued  after  the  work  is  completed  in  the  sense  of 
the  contractor. 

The  above  criticisms  deal  only  in  a  negative  form  with  the 
"  uniform  contract,"  and  lead  one  to  wonder  at  this  result  of  the 
united  efforts  of  two  important  institutions: 

For  the  purpose  of  filling  the  gaps  which  are  dealt  with  above, 
and  others  required  by  suitable  care  for  details,  I  suggest  pro- 
visos covering  the  following  requirements  in  a  proper  construction 
contract,  and  especially  of  one  dealing  with  engineering  materials 
in  any  form : 

It  is  not  enough  that  these  provisions  should  form  part  of  the 
specifications,  as  they  require  the  evidence  of  consideration  for 
performance,  where  they  involve  expenditure  of  any  kiud  by  the 
contractor. 
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1.  CompliaDce  with  laws  and  regalatioDS  by  contractor,  and  in- 
demnification of  owner  by  him  for  breach  or  violation  by  himself 
or  by  those  employed  by  him. 

2.  Payment  of  fees,  for  permits  and  inspections,  by  con- 
tractor. 

3.  Liability  for  materials  stored  on  premises  of  owner.  It  is 
usual  for  owner  to  be  exempted  from  all  liabilit}-. 

4.  Employment  of  certain  classes  of  labor  such  as  union  labor. 
It  is  very  common  to  find  an  owner  endorsing  and  assisting,  by 

influence  and  "  comfort,"  his  contractor,  in  resisting  the  employ- 
ment of  union  labor,  without  realizing  that  the  contractor  is 
securing  additional  profit  in  the  case  of  successful  resistance. 

It  is  fair  to  assume  that  no  cautious  contractor  in  these  days, 
when  making  a  bid  upon  work  of  any  form  of  construction  enter- 
ing into  a  building,  fails  to  take  into  account  the  value  of  union 
labor.  In  certain  cases  he  does  more,  by  estimating  the  amount 
of  work  to  be  expected  from  each  workman  and  helper,  and  de- 
ciding thereupon  the  time  element  as  well  as  cost. 

If  his  bid  is  accepted,  the  owner  has  therefore  engaged  a  title 
to  the  employment  of  labor  of  that  value,  and,  if  so  understood  at 
the  time  of  the  acceptance  of  the  proposal,  any  refusal  to  employ 
that  labor  can  only  properly  be  made  with  consent  of  the  owner, 
and  any  loss  of  time  on  the  work  due  to  resultant  strikes,  or  any 
diminution  of  the  cost  of  labor,  is  taken  directly  from  the  owner's 
pocket. 

These  remarks  bear  especially  upon  the  form  of  action  which 
the  workingmen's  unions  have  recently  adopted  to  enforce  adoption 
of  union  labor  in  all  branches  of  a  trade. 

The  owner  is  entitled  to  an  understanding  on  this  matter  as 
part  of  the  consideration  involved  in  his  contract.  If  he  desires 
to  avoid  the  possibility  of  costly  delay  in  delivery  of  his  purchase, 
and  is  willing  to  pay  therefor  the  price  which  includes  the  em- 
ployment of  union  or  any  other  special  form  of  labor,  he  is  en- 
titled to  the  discharge  of  the  obligation. 

If  he  engages  the  services  of  a  contractor  who  employs  non- 
union labor,  he  is  entitled  to  be  made  aware  beforehand  of  the 
fact  and  thereby  to  face  the  risk  attendant  on  possible  agitation, 
just  as  much  as  he  is  entitled  to  know  that  this  contractor  will 
employ  skilled  workmanship  of  a  certain  order. 

If,  being  aware  of  the  fact,  he  does  not  agree  with  his  contrac- 
tor that  the  price  he  pays  for  his  work  is  contingently  inclusive  of 
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a  neoessarj  employment  of  union  or  other  special  labor,  then  he, 
or  his  agent,  is  lacking  in  proper  prevision  in  a  matter  of  very 
common  occurrence. 

If  a  demand  be  made,  however,  upon  a  contractor  employing 
nnion  labor  for  an  increase  in  the  rate  of  wages  current  at  the 
time  of  the  acceptance  of  the  contract,  the  contractor  is  entitled 
to  the  sympathy  and  aid  of  the  owner,  and  should  be  entitled  to 
require  it  and  to  be  free  from  any  penalty  as  regards  consequent 
delay  in  construction,  or  any  holding  back  of  payment  on  partly 
completed  work. 

In  this  matter  it  has  always  seemed  to  me  that  an  agreement 
could  readily  be  reached  by  reasonable  and  fair-minded  represen- 
tatives of  the  employing  element  and  of  the  employed. 

I  do  not  believe  that  the  unions  would  refuse  to  make  their 
members  serve  to  the  completion  of  a  construction  undertaken  by 
the  contractor  in  good  faith,  depending  upon  the  continuance  of 
the  current  rate.  The  authorized  representatives  of  the  employed 
could,  without  loss  of  dignity  by  contractors,  be  notified  of  the 
acceptance  of  a  contract  and  its  inclusion  of  the  price  of  his  esti- 
mated labor  at  the  current  rate. 

If,  thereafter,  a  general  increase  of  wages  in  the  trade  involved 
should  be  demanded,  it  should  not  equitably  and  need  not  in 
practice  come  upon  the  contractor,  but  should  be  made  to  the 
owner,  who  then  assumes  directly  a  decision  which  is  properly 
his  own. 

These  remarks  cover  equally  the  case  of  the  employment  by  a 
contractor  of  non-union  made  goods,  the  use  of  which  can  be,  and 
should  equally  properly  be,  understood  to  form  part  of  the  con- 
sideration paid,  or  to  constitute  a  risk  assumed  by  the  party 
profiting  thereby. 

5.  In  all  composite  constructions  some  distinct  provision  is  de- 
sirable as  to  non-interference  with  the  work  of  other  contractors, 
and  in  many  cases  as  to  positive  and  active  cooperation  with  an- 
other contractor ;  and  in  addition,  accidents  and  damage  caused 
by  one  set  of  workmen  to  another  set  or  to  their  work  require  to 
be  considered. 

6.  The  contractor  for  a  construction  is  usually  required  to  pro- 
vide a  guarantee  against  defective  workmanship  or  material,  and 
sometimes  a  guarantee  of  working  economies. 

His  own  protection  should  require  the  guarantees  of  his  sub- 
contractors, or  of  the  actual  manufacturers  of  the  articles  he  sup- 
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plies,  to  be,  in  some  cases,  substituted.  It  is  by  no  means  un- 
common to  find  that  a  guarantee  of  a  machine  is  given  by  a  small 
builder  or  erecting  engineer,  whose  credit  is  so  small  that  the 
guarantee  is  of  little  positive  value,  while  the  apparatus  should 
have  been  guaranteed  by  the  powerful  and  substantial  firm  who 
made  and  perhaps  actually  installed  it. 

7.  Similarly,  a  guarantee  and  indemnification  should  nowadays 
be  taken  covering  the  use  of  patented  appliances  and  methods, 
but  such  indemnification  should  be  released  by  the  guarantee  of 
the  actual  patentees.  In  the  case  of  disputed  and  undecided 
patents  this  direct  indemnification  should  be  secured  by  bond. 
These  provisions  are  equally  necessary  in  the  interests  of  both 
parties  to  the  contract. 

These  suggestions  are  not  to  be  regarded  as  comprehensive  of 
the  subject,  but  they  are  designed  to  lead  up  to  the  preparation 
of  a  more  equitable  and  suitable  form  of  contract  than  is  now 
commonly  available.  But  when  the  best  form  of  skeleton  con- 
tract has  been  devised,  it  will  still  remain  a  better  course  for  the 
cautious  man  of  business  to  employ  expert  ability  for  the  avoid- 
ance of  misunderstanding  and  provision  for  technical  eventuali- 
ties. But  the  preparation  of  contracts  for  constructions  involving 
technical  knowledge  is  not  successfully  to  be  intrusted  to  exclu- 
sively legal  talent. 

DISCUSSION. 

M/\  B.  Jf.  Wa(/7ier.* — ^No  one  general  form  of  contract  can  be 
made  to  fit  all  cases.  Even  the  best  form  that  can  be  devised 
will  be  fit  for  only  a  few  cases. 

The  single  form  of  agreement,  as  suggested  by  the  author, where 
each  of  the  parties  agrees  to  do  certain  things  in  consideration  of 
specified  performance  on  the  part  of  the  other,  would  seem  best. 

Each  and  every  contract  calls  for  special  conditions.  Some 
of  these  conditions  may  be  common  to  a  greater  or  smaller  num- 
ber of  contracts,  as  the  case  may  be.  Such  clauses  are  mostly 
of  a  legal  or  semi-legal  nature,  and  should  be  formulated  by  a 
joint  committee  of  engineers  and  lawyers. 

As  regards  the  merits  or  lack  of  same  in  the  contract  dis- 
cussed by  the  paper,  my  opinion  is  as  follows : 


*  Assistant  Engineer,   Department   of  Water   Suppiv,  Brooklyn,  N.  Y.     By 
invitation. 
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I.  The  parties  are  not  defined  very  clearly,  and  the  powers  of 
the  engineers  are  very  obscure.  The  engineer  should  be  named 
as  the  final  judge  of  the  fitness  and  correctness  of  all  work  per- 
formed and  materials  furnished.  The  following  expresses  my 
ideas  on  the  subject : 

To  prevent  all  disputes  and  litigation,  it  is  further  agreed  by 
and  between  the  parties  to  this  contract  that  the  engineer  shall 
in  all  cases  determine  the  amount  or  the  quantity,  quality,  ac- 
ceptability, and  fitness  of  the  several  kinds  of  work  which  are 
to  be  paid  for  under  this  contract,  and  he  shall  determine  all 
questions  in  relation  to  said  work  and  the  construction  thereof, 
and  he  shall  in  all  cases  decide  every  question  which  may  arise 
relative  to  the  execution  of  this  contract  on  the  part  of  the  said 
contractor  or  of  the  owner,  and  his  estimate  and  decision  shall 
be[final  and  conclusive  upon  said  contractor  and  upon  the  owner ; 
such  estimate  and  decision,  in  case  any  question  shall  arise, 
shall  be  a  condition  precedent  to  the  right  of  the  party  of  the 
second  part  to  receive  any  money  under  this  agreement. 

II.  Would  not  be  upheld  in  any  court. 

nL  As  regards  additional  work  or  alterations,  where  itemized 
prices  are  given  per  unit  of  work,  such  prices  should  be  made 
to  include  all  additional  work.  Where  a  lump  sum  is  named, 
the  following  clause  would  seem  to  be  just,  and  a  fair  provision 
for  the  interests  of  both  parties. 

For  all  extra  work  and  not  herein  specified,  its  actual  reason- 
able cost  to  the  contractors,  plus  fifteen  (15)  per  cent,  of  said 
cost. 

rV.  Must  take  issue  with  the  paper  on  this  subject.  Some  one 
must  be  the  judge  of  the  fitness  of  materials  used,  and  the  posi- 
tion of  the  engineer  would  seem  to  me  to  be  that  of  arbiter  as 
between  owner  and  contractor.  Though  paid  by  the  one  party, 
any  injustice  towards  the  other  would  react  to  the  injury  of  his 
professional  reputation,  and  mean  a  loss  greater  than  a  mere 
financial  one. 

V.  As  the  parties  to  the  contract  are  so  of  their  own  free  will, 
the  losses  that  either  party  may  sustain  by  respective  reduction 
or  increase  in  the  prices  of  materials  are  mere  understood  busi- 
ness risks,  covered  in  the  case  of  the  contractor  by  his  margin 
of  profit. 

Losses  by  the  contractor  due  to  acts  of  the  owner  or  his 
agents  could  probably  be  made  good  by  legal  action. 
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y II.  If  the  contractor  under  his  seal  has  accepted  the  engineer 
as  the  final  resort,  he  should  be  kept  to  his  agreement.  Fair- 
ness and  justice  would  seem  to  demand  that  the  owner  be  like- 
wise bound  to  accept  his  engineer's  decisions.  Outside  arbitra- 
tion is  cumbersome,  costly,  and  generally  unsatisfactory. 

VIII.  What  is  said  in  regard  to  VII.  holds  good  for  this 
article. 

IX.  The  time  and  every  other  circumstance  of  making  certifi- 
cations and  payments  should  be  clearly  stated,  and  the  con- 
tractor would  then  be  in  a  position  to  seek  redress  through  the 
courts  in  case  of  any  delay  or  evasion  in  the  matter  of  making 
payments. 

X.  As  regards  final  certificate,  it  should  be  described  as  final 
and  conclusive  alike  for  the  owner  and  the  contractor.  The 
following  clause  is  one  often  used,  but  it  is  not  all  it  should  be  : 

It  is  further  expressly  understood  and  agreed  by  and  between 
the  parties  hereto,  that  the  action  of  the  engineer,  by  which  the 
said  contractor  is  to  be  bound  and  concluded  according  to  the 
terms  of  this  contract,  shall  be  that  evidenced  by  his  final  certi- 
ficate, all  prior  partial  payments  being  made  merely  upon  esti- 
mates subject  to  the  correction  of  such  final  certificate. 

As  to  the  points  brought  out  in  the  paper  : 

No.  I.  Seems  just. 

No.  II.  Seems  just. 

No.  III.  Seems  just. 

No.  IV.  It  seems  to  me  that  to  specify  union  labor  would  be 
outside  of  one's  rights.  The  result  desired  could  be  obtained  by 
a  clause  calling  for  skilled  labor  in  the  different  classes  of  work 
called  for,  and  requiring  the  contractor  so  to  conduct  his  work 
as  not  to  interfere  with  or  needlessly  delay  other  contractors. 
This  if  accompanied  by  a  penalty  disguised  as  liquidated  dam- 
ages for  delay  will  generally  bring  about  the  desired  results.  It 
would  not  be  right  to  make  the  owner  suffer  for  the  contractor's 
private  troubles  with  his  workmen. 

In  the  matter  of  guarantee  of  patented  articles,  the  seller 
should  give  proof  of  his  right  to  the  use  of  same,  and  as  for  a 
guarantee  of  an  entire  plant,  a  retained  percentage  for  a  certain 
period  of  time  has  been  found  effective. 

Mr.  F.  A.  Scheffler, — This  is  a  very  interesting  and  important 
paper.  All  of  us  who  have  been  subject  to  the  mercy  of  archi- 
tects using  the  form  of  contract  which  Mr.  Bolton  reproduces 
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have,  I  warrant  you,  at  times  almost  regretted  having  accepted 
such  undertaking.  I  doubt  vary  mucli  whether  discassion  before 
a  body  of  mechanical  engineers  will  ever  result  iu  a  modification 
of  this  "  uniform  coutract " ;  but  that  it  ought  to  be  modified, 
and  the  contractor  shown  all  the  consideration  he  is  entitled  to, 
is  an  undoubted  fact.  Publicity  herewith  given  is  one  of  the 
beat  things  towards  accomplishing  the  required  changes. 

I  am  glad  to  note  Mr.  Bolton  favors  inserting  a  clause  relative 
to  employing  union  labor  iu  his  and  all  contracts  or  specifications. 
If  this  is  done,  and  a  contractor  accepts  the  work  under  such 
provisions,  no  one  is  to  blame  but  himself  if  he  is  troubled  with 
walking  delegates  who  insist  that  he  employ  men  in  their 
respective  associations ;  otherwise  they  will  strike,  and  call  out 
all  trades  employed  on  the  building. 

This,  of  course,  only  applies  to  cities  like  New  York  and 
others  where  the  trade-unions  are  affiliated. 

Mr.  Edtcard  A.  Darling. — I  think  Mr.  Bolton  has  made  out  a 
good  case,  but  it  would  seem  that  he  has  brought  it  before  the 
wrong  court.  The  American  Institute  of  Architects  is  responsi- 
ble for  this  omnibus  contract,  and  I  would  suggest  that  theirs  is 
the  proper  arena  in  which  to  throw  down  his  gauntlet.  Any 
attempt  on  the  part  of  laymen,  or  even  committees  of  laymen, 
to  draw  up  legal  documents  smacks  of  "Every  man  his  own 
doctor,"  and  brings  fish  to  the  lawyer's  nets  sooner  or  later. 
Some  of  these  "  contract  forms  "  that  I  have  seen  remind  me  of 
the  first  fire-insurance  policy  I  ever  read  through,  that  left  me 
wondering  whether  there  were  any  conditions  whatever  mider 
which  the  company  would  pay  the  poor  creature  they  insured. 

Some  years  ago  I  had  occasion  to  take  the  matter  of  contracts 
up  with  one  of  the  foremost  authorities  in  this  country  on  the 
law  of  contracts,  and  he  told  me  that  "safety  lay  in  simplicity." 
A  simple  agreement  by  one  party  to  perform  certain  works  for 
another  party  for  a  consideration,  with  a  statement  that  the 
works  are  to  be  done  in  accordance  with  plans  and  specifications 
which  are  to  be  identified,  and  form  a  part  of  the  agreement — 
this  is  a  safe  instrument.  A  written  acceptance  by  one  party  of 
a  proposal  by  another  also  constitutes  a  complete  contract. 

All  contracts  must  be  based  on  simple  equity  between  man 
and  man,  to  stand  in  a  court  of  justice  ;  and  when  an  architect 
or  engineer  seeks  to  enmesh  a  contractor  in  a  voluminous 
and   ambiguously   worded   contract,  he  must  know,  or  should 
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know,  that  the  yictim  cannot  even  sign  away  his  rights  before 
the  law. 

In  all  undertakings  involving  considerable  sams  of  money,  the 
safest  way  is  for  the  owner  to  have  a  contract  prepared  by  a 
competent  attorney,  basing  the  contract  on  a  memorandam  of 
conditions  submitted  by  the  architect  or  engineer.  The  pro- 
posed contract  should  then  be  submitted  by  the  contractor  to 
his  attorney  before  receiving  his  signature. 

We  all  begrudge  lawyers'  fees,  but  the  ounce  of  prevention  is 
cheaper  than  the  pound  of  cure.  As  to  the  particular  "  form  " 
of  which  Mr.  Bolton  complains,  I  think  his  points  are  well  taken, 
from  an  engineer' s  standpoint ;  as  a  layman,  I  would  not  pre- 
tend to  discuss  their  legal  soundness.  The  question  of  union 
labor  is  the  particular  bete  noir  that  vexes  owners,  architects, 
and  engineers  more  in  New  York  than  anywhere  else  in  this 
country,  and  I  consider  Mr.  Bolton's  suggestion  of  making  the 
labor  unions  at  least  a  tacit  party  to  every  building  contract  a 
valuable  one. 

Mr.  WiUiam  H.  Bryan, — The  proper  interpretation  of  con- 
tracts is  a  matter  of  decided  interest  to  the  engineer.  In  many 
forms  of  construction  he  is  often  given  the  position  usually  oc- 
cupied by  the  architect  on  buildings.  On  installations  embody- 
ing both  building  and  engineering  construction  he  is  often  asso- 
ciated with  the  architect  and  given  duties  and  responsibilities 
of  equal  importance.  This  subject  has  occupied  my  attention 
for  some  years,  and  was  discussed  before  this  Society  in  my 
paper  on  **The  Belations  between  the  Purchaser,  Engineer, 
and  Manufacturer,"  read  at  the  Niagara  Falls  meeting.  See 
Proceedings^  vol.  xix.,  p.  686. 

In  the  main  I  agree  with  Mr.  Bolton,  but  there  are  some 
parts  of  his  recommendations  in  which  I  cannot  fully  concur. 
His  discussion  is  principally  from  the  standpoint  of  the  con- 
tractor—rather an  unusual  position  for  the  engineer,  who  gen- 
erally represents  the  owner.  In  the  latter  situation  it  can 
readily  be  seen  that  the  view-point  might  be  quite  different, 
even  though  the  question  is  approached  with  equal  fairness.  I 
have  found  that,  as  a  rule,  the  contractor  is  quite  able  to  take 
care  of  himself,  and  that  it  is  the  owner  whose  rights  need  to  be 
guarded.  This  view  has  been  forced  upon  me  by  the  unfair  and 
one-sided  printed  forms  of  contracts  which  are  often  submitted 
by  large  manufacturers  and  contractors.    They  protect  the  seller 
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in  every  possible  way,  but,  as  a  rule,  leave  the  purchaser  very 
few  rights.  This  has  made  it  necessary  tor  me  to  prepare  my 
own  form  of  contract,  which  is  the  result  of  an  exhaustive 
study  of  all  the  different  forma  which  have  come  under  my  ob- 
servation. It  is  quite  different  from  the  "  uniform  contract " 
which  Mr.  Bolton  discusses,  and  which  I  have  never  used,  find- 
ing it  wholly  inadequate  to  my  purpose.  My  contracts  and 
specifications  are  divided  into  two  general  or  principal  heads — 
"General  Provisions,"  and  "  li^pecifications  in  Detail."  The 
latter  must,  of  course,  always  be  adapted  to  the  work,  and  I  find 
that  it  is  almost  always  necessary  to  revise  the  former  as  well, 
to  suit  special  peculiarities  of  each  caae. 

My  specifications  have  sometimes  been  criticised  as  being 
unnecessarily  rigid,  but  I  have  rarely  found  it  necessary  to  en- 
force them  literally.  They  are  intended  principally  to  control 
incompetent  or  dishonest  contractors.  Where  the  contractor  is 
proceeding  with  his  work  intelligently  and  in  good  faith,  he  is 
always  dealt  with  liberally,  and  even  leniently. 

Taking  up,  now,  some  of  Mr.  Bolton's  criticisms  of  the  "  uui- 
form  contract,"  there  sliould  certainly  be  a  clear  and  distinct 
definition  of  the  duties,  powers,  and  responsibilities  of  the  archi- 
tect or  engineer,  independent  of,  or  acting  in  conjunction  with, 
the  owner. 

The  ownership  of  drawings  has  long  been  a  mooted  subject. 
My  practice  is  to  give  the  owner  and  contractor  a  complete  set 
each,  and  permit  them  to  retain  them.  Architects  continue  to 
assert  exclusive  ownership  in  drawings,  but  I  believe  that  this 
contention  has,  as  a  rule,  been  denied  by  the  courts. 

As  to  changes  and  extras,  my  practice  is  to  insert  clear  and 
definite  clauses  giving  the  engineer  the  right  to  order  changes 
and  to  determine  their  value.  The  right  to  order  changes 
carries  with  it  the  right  to  direct  how  the  changes  shall  be  eon- 
dncted.  It  is  necessary  that  he  should  decide  aa  to  tlie  coat  of 
changes  or  extras,  in  order  to  protect  the  owner  from  extortion. 
It  is,  an  fortunately,  a  not  uncommon  practice  for  a  contractor 
to  take  the  original  work  at  about  cost,  relying  for  profit  upou 
the  probability  of  extras,  on  which  he  can  make  excessive 
charges,  as  no  competition  can  be  had.  When  time  permits,  I 
sak  the  contractor  to  submit  his  estimate  on  the  value  of  the 
obangea  in  advance.  When  this  is  impossible,  I  ask  him  to 
submit  his  estimate  after  the  work  is  finished.     This  I  check 
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over  by  other  quotations.  The  contractors  charge,  however,  iti 
only  allowed  in  full  when  found  to  be  reasonable. 

A  special  paragraph  in  my  speciiicationB  makes  the  engineer 
the  judge  of  all  disputed  points  which  may  arise.  Either  party, 
however,  is  given  the  right  to  appeal  to  arbitration,  and  this,  I 
think,  is  entirely  fair  to  all  parties.  There  must  be  some  means 
of  getting  a  prompt  decision  on  disputed  points,  either  party 
having  a  remedy  in  arbitration  if  he  feels  aggrieved.  In  sucli 
cases  the  architect  or  engineer  must  use  the  utmost  fairness. 
If  bis  decisions  favor  either  the  owner  or  contractor,  he  will 
Boon  lose  his  reputation  for  impartiality.  The  contractor,  as 
well  as  the  owner,  should  feel  that  hie  interests  are  safe  in  the 
engineer's  hands.  The  architect  or  engineer  often  finds  it 
necessary  to  decide  a  disputed  point  against  the  owner  who 
employs  and  pays  him.  It  is  just  as  much  his  duty  to  protect 
the  contractor  against  unreasonable  demands  on  the  part  of  the 
owner  as  it  is  to  see  that  the  owner  gets  everything  he  is  en- 
titled to.  It  is  not  an  uncommon  experience  to  find  the  equities 
somewhere  between  the  claims  of  the  two,  in  which  event  the 
engineer's  decision  is  quite  as  likely  to  offend  both  parties  as 
to  please  them. 

I  agree  with  Mr.  Bolton's  suggestion  that  one  arbitrator  would 
be  an  improvement  over  three.  The  expense,  delay,  and  com- 
plications which  attend  arbitration  by  three  men  frequently 
render  it  impracticable,  and  even  when  resorted  to,  the  third 
man  must  usually  make  the  decision. 

Condemned  material  should  be  removed  promptly,  to  prevent 
its  use  elsewhere  on  the  work,  I  see  no  objection  to  limiting 
the  time,  as  the  contractor  has  bis  right  of  appeal.  In  the 
event  of  the  work  being  taken  out  of  his  hands  and  finished  by 
the  owner,  his  right  of  appeal  should  protect  him  from  unneces- 
sary loss, 

I  think  it  would  be  unwise  to  expect  the  owner  to  deposit  the 
contract  sum  in  escrow,  as  Mr.  Bolton  suggests.  If  the  con- 
tractor has  any  doubts  of  the  owner's  fairness  and  financial 
responsibility,  be  is  justified  in  taking  proper  steps  to  protect 
bimseir  by  bond  or  otherwise.  I  see  no  objection  to  the  archi- 
tect's duties  uuder  articles  YU.  and  YUI.,  subject  to  appeal,  as 
above. 

The  certificate  for  final  payment  in  my  work  is  not  evidence  of 
complete  performance  of  contract.     It  is  customary  for  builders 
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of  meuliaaical  aud  electrical  apparatus  to  guarantee  their  work 
for  oue  year.  In  such  cases  my  specifications  provide  that  the 
contractor  shall  make  good  any  defects  which  may  develop, 
which,  in  the  opinion  of  the  engineer,  are  due  to  defects  in 
original  material,  workmanship,  or  deaij^n.  I  have  found  this 
a  most  excellent  clause  for  the  complete  protection  of  the  pur- 
chaser. 

My  specifications  usually  cover  the  first  three  of  the  four  pro- 
visos suggested  by  Mr.  Bolton.  As  a  rnle,  I  do  not  require  the 
contractor  to  use  union  labor,  but  the  specifications  provide 
that  he  must  provide  first-class  workmen,  work  in  harmony 
with  all  other  workmen  on  the  job,  and  complete  the  work  by  a 
specified  time.  I  have  usually  found  these  provisions  sufiicient 
to  prevent  delays  by  labor  troubles. 

I  eauDot  agree  with  Mr.  Boltou  that  the  owner  should  re- 
imburse the  contractor  in  case  wages  have  advanced,  unless  the 
owner  lias  delayed  the  work  unreasonably.  It  is  reasonable  to 
presume  that  the  contractor  has  either  protected  himself  by 
contracts  or  agreements,  or  that  his  margin  is  sufficient  to  cover 
ordiaarj-  fluctuations. 

I  require  protection  against  claimed  infringement  of  patent 
rights,  but  should  consider  it  impracticable  to  go  to  the  extent 
of  requiring  releases  from  actual  patentees  on  all  the  details  of 
large  installation. 

An  important  point  which  often  troubles  engineers  and  archi- 
tects is  not  discussed  at  all  by  Mr.  Bolton;  namely,  whether  or 
not  a  forfeiture  should  be  exacted  in  the  event  of  failure  to 
complete  the  work  by  tlie  date  specified.  It  has  been  claimed 
that  no  forfeiture  can  be  exacted  unless  a  bonus  is  also  allowed 
in  consideration  of  completion  earlier  than  the  contract  date. 
This,  however,  is  unfair,  as  the  situation  is  frequently  such  that, 
while  the  owner  will  suffer  by  failure  to  complete,  he  cannot 
profit  by  earlier  completion,  for  various  reasons.  Other  con- 
tractors, whose  work  is  equally  essential  to  the  plant,  may  not  be 
ready,  and,  even  if  they  were,  it  sometimes  happens  that  the 
plant  cannot  go  into  service  earlier,  as  in  the  case  of  the  lease 
of  the  building  or  a  city  lighting  contract  beginning  on  a  cer- 
tain date.  It  is  true  that  there  have  been  court  decisions  deny- 
ing forfeiture  when  no  bonus  was  promised,  and  it  is  also  true 
that  the  courts  will  not  uphold  an  unreasonable  or  excessive 
forfeiture.     It  is  equally  true,  however,  that  when  the  actual 
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damage  is  difficult  to  determine,  the  two  parties  to  the  contract 
may  agree  upon  what  shall  be  the  measure  of  damage  in  case  of 
delay,  and  the  courts  will  uphold  such  an  agreement 

While  it  is  rare  that  a  contract  form  covering  the  general  pro- 
visions can  be  used  in  its  entirety,  it  would  seem  possible  for  a 
much  better  form  to  be  devised  than  the  present  *'  uniform  con- 
tract," and  it  might  be  well,  therefore,  to  revise  this  document  in 
the  light  of  later  experience.  I  take  the  liberty  of  suggesting, 
therefore,  that  steps  be  taken  at  this  meeting  looking  to  the 
appointment  of  a  conference  committee  composed  of  members 
of  the  American  Institute  of  Architects,  the  National  Associ- 
ation of  Builders,  and  the  American  Society  of  Mechanical 
Engineers. 

Mr,  George  L  Eockwood. — It  so  happens  that  all  the  papers  of 
this  meeting,  with  one  or  two  exceptions,  deal  with  subjects  in 
which  only  a  few  of  us  are  directly  interested,  and  as  I  am  one 
of  that  number,  that  is  my  excuse  for  speaking  so  frequently. 
But  I  must  express  my  approval  of  Mr.  Bolton's  paper  and  oi 
his  attitude,  and  refer  to  the  arrogance,  not  to  say  impudence, 
of  architects  in  general  and  engineers  in  general,  in  their  rela> 
tions  with  contractors.  I  hardly  think  that  Mr.  Bryan  under- 
stands Mr.  Bolton's  paper  when  he  says  that  Mr.  Bolton  looks 
at  the  subject  from  the  standpoint  of  the  contractor.  It  appears 
to  me  that  he  looks  at  it  from  the  standpoint  of  equity,  from  the 
standpoint  of  justice ;  that  his  views  are  just  and  in  the  interest 
of  both  parties,  therefore  tending  to  a  quick  settlement  of  the 
contract.  The  ordiDary  architect's  contract  is  nothing  less  than 
a  piece  of  impudence,  looked  at  from  the  standpoint  of  the  con- 
tractor. The  average  contractor  has  to  adopt,  to  protect  himself, 
a  servile  and  cringing  attitude  which  he  is  very  far  from  really 
feeling,  and  it  is  time  that  the  contractor  was  elevated  to  a  posi- 
tion on  an  equal  plane  with  that  of  the  architect  It  seems  to 
me,  Mr.  Bolton's  paper  is  especially  timely ;  that  it  appears  at 
the  "  psychological  moment "  when  the  attitude  of  the  engineer 
toward  the  contractor  ought  to  be  reconsidered. 

Mr.  J.  Ldand  WelJs. — I  would  like  to  say  a  word  on  this  sub- 
ject from  a  contractor's  standpoint.  I  am  personally  obliged  to 
Mr.  Bolton  for  taking  the  matter  up,  because  contractors  have  a 
good  deal  to  suffer  from  under  existing  contracts,  under  contracts 
as  they  are  written,  and  if  Mr.  Bolton  or  any  other  gentleman 
in  this  room  would  go  still  further  and  get  up  a  contract  which 
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would  insure  the  contractor  that  he  would  always  get  his  money 
if  he  got  his  work  done,  it  would  be  ever  so  much  better. 

There  is,  however,  criticism  to  be  offered  from  my  point  of 
Tiew,  because  Mr.  Bolton's  proposed  contract  is  too  long  and  it 
says  too  much.  It  is  impossible  to  cover  in  a  written  document, 
or  otherwise,  every  contingency  that  may  arise ;  and  when  you 
undertake  to  cover  a  good  many  points,  you  are  surely  apt  to 
leave  out  some.  As,  for  instance,  I  let  a  house  once  to  a  tenant, 
and  I  thought  I  was  doing  a  very  smart  thing  when  I  provided 
that  he  should  fix  the  plumbing  if  it  was  frozen,  and  that  was 
put  in  the  lease.  The  result  was  that  he  fixed  the  plumbing 
when  it  was  frozen,  but,  in  consequence  of  that,  I  had  to  fix  every 
other  blessed  thing  about  the  house,  and  about  seventeen 
times  during  each  month  of  tenancy.  The  contract  says  too 
much.  The  contract  should  be  simple.  One  discussion  read 
indicates  to  my  mind  just  what  it  should  be.  It  need  not 
occupy  more  than  a  page. 

Other  criticism  I  would  make  is  as  to  the  clause  in  relation  to 
the  contractor  guaranteeing  patent  infringements  ;  and  I  can  tell 
you,  gentlemen,  that  that  is  not  worth  the  paper  it  is  written  on. 
Put  it  in  the  contract  as  much  as  you  like ;  I  will  sign  those  con- 
tracts every  day,  and  the  guarantee  is  not  worth  a  two-cent  piece, 
and  for  this  reason :  that  in  doing  so  I  am  simply  the  agent  of 
the  man  who  directs  me  to  put  in  a  specified  thing.  He  has  no 
right  to  do  it.  It  is  unjust,  but  it  may  be  put  in,  and  they 
think  they  secure  themselves ;  but,  as  a  matter  of  fact,  it  does 
not  secure  them  at  all. 

The  next  point  is  the  question  of  union  labor.  No  contractor 
in  New  York  with  any  kind  of  sense  will  employ  anything  else, 
and  there  are  not  any  mechanics  outside  of  union  labor  here  who 
are  worth  a  cent.  But  if  you  put  that  question  of  union  labor  in 
a  contract  and  ask  a  contractor  to  sign  it,  you  are  simply  putting 
a  club  in  the  hands  of  his  employees  to  do  what  they  like  with 
him,  for  no  good  at  all — not  a  bit.  Union  labor  is  there  just 
the  same  ;  but  if  there  is  an  underground  railroad  in  your  shop — 
there  is  one  in  mine,  and  my  employees  know  when  I  get  a  con- 
tract before  I  do,  many  times — and  if  that  clause  becomes  known, 
they  will  say:  "We  have  got  Wells  this  time.  That  is  worth 
four  and  a  half  a  day  on  this  job,  because  he  has  got  to  employ 
union  labor." 
I  happen  just  now  to  be  in  the  throes  of  one  of  our  periodical 
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union  mix-ups.  It  is  not  a  question  of  employing  union  labor. 
It  is  simply,  in  my  opinion,  a  question  of  various  organizations 
in  the  same  trade  wanting  to  elect  various  walking  ilelegat-es  ; 
and  as  long  as  the  personal  ambition  of  the  walking  delegates 
exists,  jnat  so  long  will  these  two  branches  of  one  particular 
union  have  amusement  with  myself  and  fellow  contractors  in 
the  same  line  of  business.  If  I  were  to  sign  a  conlract  which 
said  union  labor,  which  one  of  these  unions  would  I  take  ?  In 
this  particular  case  in  question  I  simply  sit  still  and  do  not  take 
one  side  or  the  other.  My  business.  I  hope,  will  go  on  just  the 
same.  But  I  would  rather  have  my  contracts  as  free  from  clubs 
of  any  kind  on  the  part  of  architects,  engineers,  and  other  peo- 
ple who  are  looking  after  my  work  as  I  can  make  them. 

Mr.  Re<jbinld  P.  lidhm.*—!  would  only  like  to  say  that  I 
think  the  general  opinion  expressed  seems  to  justify  me  in  my 
own  idea,  as  expressed  in  my  paper,  that  the  best  form  of  con- 
tract is  simply  an  agreement  to  perform  certain  duties  for 
certain  money,  under  conditions  stated  in  the  specification,  and 
therefore  previously  understood  by  the  parties  when  they  are 
bidding  upon  the  work,  which  procedure  is,  I  am  confident, 
the  proper  way.     Forewarned  is  forearmed. 

My  general  contention  may  be  summed  up  in  this  manner. 
Unless  the  conditions  of  a  proposed  contract  are  before  a  con- 
tractor at  the  time  of  his  bidding,  he  cannot  be  held  to  them  as 
part  of  his  bargain. 

His  bid  is  made  on  what  he  sees  and  has  before  him,  that  is, 
whatever  is  contained  in  plans  and  specifications.  As  soon  as 
his  proposal  in  respect  of  those  is  accepted,  the  contract  exists. 
The  contractor  is  then  under  no  obligation  to  sign  any  further 
contract,  certainly  not  one  the  conditions  of  which  may  affect 
the  bargain  already  struck. 

If  any  condition  of  such  a  contract  conflicts  with  the  specifica- 
tion or  plan,  or  adds  to  or  reduces  the  cost  of  executing  the 
work,  it  can  be  of  no  effect,  Iwcause  there  is  no  consideration  for 
it,  the  named  consideration  being  that  agreed  upon  as  the  value 
of  work  comprised  in  the  specification  and  plans  unmodified  by 
any  conditions.  It  follows,  therefore,  that  any  specification 
should  exhibit  on  its  face  all  the  conditions  that  will  be  re- 
quired as  part  of  the  contract.     If  a  "  uniform "  form  is  to  be 

■Autliof'a  closure,  under  the  Rules, 
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used,  it  should  be  so  stated  in  the  specification,  and  the  con- 
tractor then  bids  with  that  fact  in  view. 

My  point  of  view  in  this  matter  may  appear  to  be  more  on  the 
side  of  the  contractor  than  of  the  owner.  If  so,  it  is  because 
the  owner's  side  has  been  the  customary  standpoint,  aud  fairness 
demands  that  both  sides  of  a  question  should  be  examined. 

The  owner  occupies  in  these  matters  the  intrenched  position, 
possession  of  the  value  of  the  work  done  and  knowledge  of  the 
requirements.  The  architect  is  his  servant,  committed  to  his 
interests,  and  urged  by  the  powerful  incentive  of  professional 
pride  to  insist  upon  the  completeness  and  sufficiency  and 
readiness  of  his  preparations  for  the  work ;  in  other  words,  of 
his  plans  and  specifications.  He  is  nevertheless  made  the 
arbiter  of  these  very  questions,  and  the  key  to  the  contrac- 
tor's remuneration  is  placed  in  his  hands  as  a  weapon.  The 
system  is  liable,  and  is  indeed  subject,  to  constant  abuse. 
The  two  parties  to  a  bargain  are  on  an  equal  footing.  The 
agent  of  the  one  should  count  for  no  more  than  the  agent  of  the 
other :  both  are  simply  delegates.  All  disputable  matters  can 
only  be  in  fairness  committed  to  a  party  who  is  the  servant  no 
less  of  the  one  than  of  the  other  ;  in  other  words,  there  should  be 
a  referee  employed  by  both,  who  would  be  able  to  pass  upon 
the  acts  or  negligences  of  both  parties,  and  also  of  their  agents. 
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Mo.  sra.* 

APPARATUS  FOB   DTNAMICALLT  TESTING  STEAM- 
ENGINE  INDICATORS. 

BT  CABLBTON    A.  BBAD,  DUBHJLM,  N.  H. 

(Member  of  the  Society.) 

The  form  of  apparatus  about  to  be  described  has  been  in  use 
by  the  writer  for  about  three  years.  It  is  an  outgrowth  of  the 
old  form  of  appliance  for  testing  indicators — turning  the  steam 
on  and  off  several  times,  and  then,  with  the  steam  on,  drawing 
a  line  on  the  card,  and  at  the  same  time  observing  the  pressure. 
To  facilitate  this  work  a  three-way  cock  was  used.  From  this  it 
was  but  a  short  step  to  put  a  crank  on  the  back-end  of  the  cock 
and  attach  the  indicator  cord  to  it,  thus  working  the  indicator 
and  cock  at  the  same  time.  The  device  is  also  an  outgrowth  of 
one  described  by  the  writer's  friends.  Professors  Peabody  and 
Miller,  in  a  paper  read  before  the  Society  of  Naval  Architects 
and  Marine  Engineers  in  November,  1894.  To  Professor  Miller 
and  Mr.  Albert  F.  Hall  he  is  indebted  for  valuable  suggestions. 

Fig.  22  is  a  photograph  of  the  apparatus  as  at  present  used 
in  the  engineering  laboratory  of  the  New  Hampshire  College,  at 
Durham,  N.  H.  Fig.  23  is  a  drawing  to  illustrate  the  general 
arrangement  of  the  apparatus.  As  will  be  seen  from  the  figures 
and  description,  all  parts  are  standard  articles,  thus  avoiding 
special  patterns  and  castings.  This  apparatus  was  constructed 
by  Mr.  H.  P.  Andrews  of  the  class  of  1900,  New  Hampshire 
College. 

K'  and  ^are  cylinders  of  4-inch  pipe,  3  feet  long,  capped  at 
the  ends. 

A  is  an  oil  cup  for  lubricating  the  cock. 

B'  and  B  are  test  gauges. 

C  and  C  are  tees. 

D  is  the  indicator  to  be  tested. 

*  Presented  at  the  New  York  meeting  (December,  1900)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the 
Transactions. 
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E'  and  ^are  crosses. 

^is  a  three-way  cock. 

O  and  H  are  holes  in  which  to  insert  pins  for  attaching  the 
indicator  cord. 

/'  and  1  are  cocks  for  connecting  the  gauge-tester  with  K' 
or  K, 

J'  and  J  are  pipes  connecting  the  cock  and  tester  with  K' 
and  K. 

iV  is  an  oil  reservoir  to  prevent  the  steam  and  water  from 
entering  the  gauge-tester. 

L  is  the  inlet  to  reservoir. 

J/  is  a  portion  of  the  connection  between  N  and  the  (Crosby) 
gauge-tester. 

P  is  a  drain-cock  for  N. 

Q  is  a  cock  to  be  opened  when  atmospheric  pressure  is  de- 
sired  in  K. 

O'  and  0  are  valves  for  admitting  steam  to  K  and  K.  These 
valves  are  so-called  needle  valves,  having  very  fine  holes  to  per- 
mit delicate  regulation  of  pressure. 

/S  is  a  valve  with  larger  opening  than  0'  and  Oy  for  conve- 
nience in  quickly  raising  the  pressure  in  K. 
-^R'  and  R  are  valves  for  relieving  the  pressure  in  K'  and  K. 

The  three-way  cock  now  used  is  the  new  pattern  made  by  the 
Crosby  Steam  Gauge  and  Yalve  Company,  and  is  but  little 
changed  for  this  work,  couplings  being  used  for  attaching  indi- 
cators of  other  makers.  A  larger  cock  is  being  constructed, 
arranged  for  indicators  of  any  make.  This  will  make  the  con- 
nections a  little  longer,  but  will  be  more  like  the  connections  of 
practice.  A  pulley  is  attached  to  the  cock  in  place  of  the  ordi- 
nary handle,  and  a  crank  to  the  opposite  end  for  attaching  a 
cord  to  actuate  the  indicator  drum  when  operating  the  cock. 
The  arm  to  which  the  cord  is  attached  is  clamped  between 
the  nut  and  washer  of  the  cock.  As  ordinarily  made,  this 
would  draw  the  plug  too  hard  upon  its  seat.  To  obviate  this 
difficulty,  a  carefully  fitted  washer  is  inserted  between  the  outer 
washer  and  the  end  of  the  plug ;  the  arm  is  then  clamped 
between  the  nut  and  outer  washer,  the  outer  washer  bearing 
against  the  inner,  and  this,  in  turn,  against  the  plug.  As  the 
plug  wears  it  is  reground,  and  the  inner  washer  ground  a  corre- 
sponding amount.  By  means  of  the  stepped  pulleys,  shown  in  Fig. 
22,  the  speed  may  be  varied  from  15  to  150  revolutions  per  minute. 
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When  the  indicator  to  be  tested  is  to  be  used  on  a  simple  non- 
condensing  engine,  the  valve  0  remains  closed,  and  the  cock  Q 
is  opened.  Connect  the  indicator  as  shown  in  Figs.  22  and  23. 
Open  the  valve  0  '  until  the  pressure  in  K'  is  about  5  pounds, 
and  then  shift  the  belt  to  the  tight  pulley.  Bevolve  the  weights 
of  the  gauge- tester,  and  regulate  the  pressure  until  it  just  bal- 
ances these  weights.  Then  press  the  pencil  against  the  paper 
and  draw  the  diagram.  This  operation  is  to  be  repeated  for  the 
desired  intervals  of  pressure.  After  the  diagram  is  taken,  shift 
the  belt  to  the  loose  pulley,  open  the  cock  to  the  atmosphere, 
and  draw  the  atmospheric  line.  The  similarity  of  the  diagrams 
taken  to  those  from  an  engine  can  be  seen  by  reference  to  Fig.  24. 
When  the  indicator  is  to  be  used  on  multiple-expansion  engines, 
close  valve  Q  and  proceed  as  before,  maintaining  the  pressure 
in  K  approximately  equal  to  the  back  pressure  in  the  cylinder 
with  which  the  indicator  is  to  be  used.  When  the  indicator  is 
to  be  used  in  connection  with  a  cylinder  where  the  pressure 
is  at  times  below  the  atmosphere,  a  connection  is  made  from  Q 
to  a  condenser  or  ejector,  and  the  pressure  registered  hy  Sk  U 
tube. 

Testing  between  the  higher  and  lower  or  back  pressure  lines 
may  be  done  in  either  of  two  ways : 

First,  follow  the  method  already  described,  with  the  gauge- 
tester  open  to  K'  and  the  pressure  in  ^approximately  equal  to 
the  desired  back  pressure,  and  then  with  tlie  gauge-tester  open 
to  K  and  the  pressure  in  K'  approximately  equal  to  the  desired 
steam  pressure.  If  this  is  done  on  the  same  card,  it  gives  both 
measured  steam  and  measured  back  pressures.  This  is  illus- 
trated by  Fig.  28.  The  diagram  a  represents  the  first  movement, 
and  b  the  second.  With  the  diagram  a  the  upper  line  is  the 
one  measured,  and  with  diagram  b  the  lower. 

The  second  method  is  to  attach  a  second  oil  reservoir  and 
gauge-tester  to  K,  and  regulate  both  pressures  at  the  same 
time. 

Of  course,  with  this  apparatus  it  must  be  assumed  that  the 
pressure  on  the  indicator  while  the  cock  is  open  to  JT  or  iST  is 
the  same  as  that  in  those  cylinders.  One  check  on  the  above 
is  that  the  steam,  back  pressure,  and  atmospheric  lines  are 
parallel.  After  the  indicator  is  filled  with  steam,  the  only  flow 
is  that  necessary  to  make  up  for  the  leakage.  That  there  is 
time  for  the  pressure  in  the  indicator  to  reach  the  desired  pres- 


TEBTISa  STEAJC-ENGINB  INDIOATOBS. 


120  TE8TINQ  STEAM-ENQINE  INDIOATOBS. 

sure— at  least  when  testing  at  15  revolutions  per  minute — ^will 
be  seen  when  it  is  realized  that  the  indicator  is  in  communica- 
tion with  K  and  K  nearly  a  second. 

The  question  of  pencil  friction  of  course  enters  into  the  prob- 
lem, but  this  is  reduced  to  a  minimum  by  the  use  of  paper 
covered  with  a  metallic  preparation,  and  very  fine  metallic 
points.  To  entirely  eliminate  this  error  due  to  pencil  friction 
with  indicators  which  are  electrically  operated,  sectors  are  to 
be  attached  to  the  cock  to  rotate  with  it,  and  the  electrical  con- 
nection made  through  these  and  a  brush,  which  shall  be  in 
contact  only  while  the  horizontal  lines  are  being  traced.  By 
this  device  the  point  is  not  in  contact  with  the  paper  until  it 
has  reached  its  highest  position,  and  not  again  until  it  has 
reached  its  lowest  position. 

A  portable  apparatus  may  be  made  by  slight  alterations  of 
the  present  construction,  the  only  difficult  part  to  transport 
being  the  gauge-tester.  There  are  few  places  where  tests  are 
made  which  cannot  furnish  a  cylinder  to  take  the  place  of  K\ 
The  gauge-tester  and  cock  are  then  attached,  and  the  cock  ro- 
tated by  hand.  If  there  is  a  boiler  in  which  the  pressure  may 
be  varied,  the  connection  can  be  made  directly  to  that 

In  Fig.  24  the  pencil  was  pressed  against  the  paper  during  60 
revolutions,  showing  that  the  pressure  can  be  maintained  con- 
stant. 

In  Fig.  25  the  pencil  was  not  constantly  pressed  against  the 
paper,  but  was  released  an  instant  several  times  during  the  6 
revolutions  that  it  represents. 

The  horizontal  lines  of  Fig.  26  represent  5-pound  intervals  by 
the  gauge-tester  when  the  pressure  in  K  was  the  measured 
pressure  and  that  of  K  atmospheric.  Fig.  27  gives  the  same 
intervals  of  pressure  in  K  and  that  of  K  nearly  constant  at  the 
higher  pressure.  In  Fig.  26  it  is  the  steam  line  and  in  Fig.  27 
the  back  pressure  line  which  is  measured.  With  this  apparatus 
the  question  of  temperature  of  the  spring,  the  sluggishness  due 
to  the  ordinary  methods,  as  well  as  all  personal  errors,  except 
those  due  to  balancing  the  weights,  are  eliminated.  With  a 
standard-speed,  indicators  and  springs  may  easily  and  quickly 
be  compared.  If  it  is  necessary  to  test  several  indicators  at 
once,  the  c^^linders  K  and  K  may  be  horizontal  and  have  several 
cocks  connected  with  them. 
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DISCUSSION. 

Frof.  D.  S.  Jacobus. — I  see  no  objection  to  the  general  method 
proposed  by  Professor  Bead  for  testing  indicators ;  in  fact,  it  is 
a  yeiy  good  method ;  but  there  are  certain  things  which  should  be 
guarded  against  in  testing  indicators  in  the  way  described.  In 
the  first  place,  tests  should  be  made  at  all  the  pressures  at  which 
the  indicator  is  to  be  calibrated,  to  make  certain  that  there  is  no 
undue  frictioiL  The  friction  in  an  indicator  cannot  be  allowed 
for,  because  it  acts  first  in  one  way  and  then  in  another,  and  is  a 
variable  element  depending  on  the  speeding  of  the  moving  parts 
and  the  particular  form  of  the  diagram  which  is  taken.  AH  we  can 
do  is  to  make  sure  that  the  friction  does  not  exceed  some  amount 
which  has  been  found  to  be  the  maximum  allowable.  With  an 
indicator  in  proper  adjustment,  some  special  experiments  which  I 
have  made  show  that  the  effect  of  friction  is  so  small  that  it  may 
be  neglected. 

Let  us  consider  the  details  of  the  apparatus  proposed  by  Pro- 
fessor Bead.  In  the  first  place,  in  testing  an  indicator  at  pres- 
sures above  the  atmosphere,  the  steam  should  not  act  on  it 
continuously,  otherwise  the  spring  will  be  heated  above  the 
normal  working  temperature.  If  a  thermometer  is  placed  above 
the  piston  of  an  indicator,  and  in  the  space  occupied  by  the 
spring,  the  temperature  registered  will  soon  rise  above  212  degrees 
Fahr.,  if  the  steam  is  allowed  to  act  continuously  on  the  indicator, 
because  the  steam  which  leaks  by  the  piston  will  become  super- 
heated in  the  same  way  as  that  which  passes  through  the  orifice 
of  a  throttiing  calorimeter.  On  the  other  hand,  if  we  make  a  simi- 
lar measurement  of  temperature,  with  the  indicator  placed  on  an 
engine  where  it  is  used  in  obtaining  diagrams,  we  will  find  no 
superheating.  It  therefore  appears  that  in  testing  an  indicator 
the  spring  should  be  maintained  at  a  temperature  of  about  212 
degrees  Fahr.  In  the  test  we  must,  therefore,  work  quickly 
enough  to  prevent  any  superheating  in  the  steam  which  escapes 
through  leakage.  It  appears  to  me  that  the  cylindrical  reservoirs 
used  in  Professor  Bead's  apparatus  are  not  large  enough  to  allow 
the  pressure  to  be  first  adjusted,  and  a  card  taken  quickly  there- 
after, as  should  be  done  to  avoid  superheating,  because  there 
would  be  a  drop  in  the  pressure  on  opening  the  cock  to  the 
indicator,  and  the  time  taken  to  regulate  the  pressure  after  open, 
ing  the  cock  would  be  excessive.     The  steam  supplied  to  the 
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reservoirs  should  contain  considerable  moisture,  otherwise  the 
steam  in  the  reservoirs  may  be  superheated  at  low  pressures 
through  throttling  action. 

There  is  a  single  three-way  cock  which  admits  the  steam  from 
one  cylinder  or  the  other,  and  which  is  also  relied  on  in  determin- 
ing the  atmospheric  lines.  This  arrangement  will  not  give  correct 
results  for  the  height  of  the  atmospheric  line  if  there  is  leakage 
in  the  three-way  cock.  In  testing  indicators  we  use  two  three- 
way  cocks  directly  under  the  indicator,  and  turn  both  in  taking 
the  atmospheric  lines,  so  that  if  there  is  a  slight  leakage  in  the 
first  cock  it  is  shut  off  from  the  indicator  by  the  second. 

There  appears  to  be  no  definite  way  of  knowing  exactly  where 
the  water  level  is  in  the  pipes  which  lead  downward  to  the  oil 
reservoir,  and  on  changing  the  pressure  it  appears  that  the  water 
level  might  vary  to  the  extent  of  six  or  eight  inches.  If  we  wish 
to  work  with  the  greatest  refinement,  we  should  be  careful  to 
know  exactly  where  the  water  level  is  and  allow  for  it.  In  our 
apparatus  for  testing  indicators  a  horizontal  quarter-inch  pipe, 
about  18  inches  long,  leads  from  the  steam  reservoir  to  a  siphon, 
which  is  completely  immersed  in  water.  From  this  siphon,  which 
is  at  all  times  full  of  water,  a  second  horizontal  pipe  leads  to  an 
oil  siphon,  and  from  the  oil  siphon  a  third  pipe  leads  to  the 
rotating  plug  for  measuring  the  pressure.  With  this  arrange- 
ment  the  water  level  is  always  that  of  the  horizontal  pipe  leading 
from  the  steam  reservoir.  The  lower  end  of  the  rotating  plug  is 
at  this  level  when  in  the  mean  position,  so  that  we  cancel  out  any 
effect  of  the  water  level. 

It  also  appears  to  me  that  the  connection  from  the  two  reser- 
voirs to  the  indicator  in  Professor  Bead's  apparatus  should  be 
more  direct.  In  applying  indicators,  the  best  practice  is  to  place 
them  on  straight  connections  as  near  as  possible  to  the  cylinder, 
one  indicator  being  used  at  each  end  of  the  cylinder,  and  this 
feature  should  be  copied  as  nearly  as  possible  in  testing  an  indi- 
cator. 

Mr,  Arthur  L,  liice. — I  have  been  working  on  an  apparatus 
lately  which  is  very  much  the  same  as  the  one  described  by  Mr. 
Kead.  But  I  have  done  one  thing  which  I  think  possibly  is  an 
improvement ;  that  is,  getting  a  longer  port  opening  by  shaping 
out  the  ports  to  the  three-way  cock  and  using  a  special  plug  which 
makes  one  revolution  to  two  of  the  indicator,  thus  getting  the 
opening  and  closing  twice  in  the  course  of  a  revolution  of  the 
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plug.  It  gives  me  more  nearly  a  square  card,  and  therefore  gives 
a  little  longer  time  for  the  settling  of  the  indicator  to  its  level  if 
you  want  to  run  at  high  speeds.  It  seems  to  me  that  150  revolu- 
tions for  an  indicator  which  is  to  be  put  on  a  high-speed  engine 
is  too  slow ;  that  yon  should  test  it  on  a  higher  speed  if  you  want 
to  take  account  of  all  the  inertia  effects  of  the  piston  and  moving 
parts. 

There  is  one  matter  upon  which  I  would  like  to  hear  an  expres- 
sion of  opinion  from  the  members,  and  that  is  how  to  correct  for  the 
deficiencies  of  the  indicator  spring  after  you  have  tested  for  them. 
We  have  plenty  of  methods  of  testing  to  the  last  degree  of 
refinement.  We  have  very  little  opinion  expressed  as  to  how  to 
correct  for  the  defects  of  the  indicator  spring  after  you  have 
found  out  what  those  defects  are. 

Professor  Jacobus, — There  is  no  way  in  which  we  can  correct 
for  the  friction  of  an  indicator.  Any  variation  in  the  scale  of  the 
spring  can,  however,  be  readily  allowed  for. 

Suppose  we  wish  to  calibrate  a  spring  which  has  been  used  in 
obtaining  diagrams  for  the  high-pressure  cylinder  of  a  compound 
engine  and  that  the  card  is  as  shown  in  Fig.  29.     The  first 


C.  A.  Read. 

Fig.  29. 


pressure  at  which  the  spring  would  be  tested  would  be  about  that 
of  the  back-pressure  line  of  the  diagram,  and  calibrations  would 
be  made  at  five  or  more  pressures,  increasing  by  equal  increments, 
until  the  maximum  pressure  used  in  the  calibrations  was  about 
that  of  the  admission  line  of  the  diagram.  Let  the  horizontal 
lines  in  Fig.  29  be  drawn  at  the  average  heights,  as  determined 
by,  say,  five  calibrations  at  each  pressure ;  then  the  proper  scale 
to  use,  if  there  is  but  little  variation  in  the  scales,  computed  by 
dividing  each  pressure  by  the  height  of  the  corresponding  line 
above  the  atmospheric  line,  will  be  the  average  of  all  the  scales. 
If  there  is  considerable  variation  in  the  scale  of  the  spring  at 
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different  pressures,  determined  as  aboye,  it  may  be  cansed  hj 
imperfect  connection  in  the  fastenings  at  the  ends  of  the  spring ; 
and  in  a  high-pressore  card,  as  represented  in  Fig.  29,  the  scale 
may  be  nearly  uniform  if  it  is  based  on  measurements  taken  from 
the  line  near  the  back-pressure  line  of  the  diagram  instead  of 
from  the  atmospheric  line.  Should  this  be  the  case,  the  scale  to 
be  used  in  the  computations  of  horse-power  should  be  the  average 
of  the  scales  determined  in  the  latter  way. 

To  correct  for  a  varying  scale,  the  equivalent  corrected  scale 
corresponding  to  the  average  indicator  card  is  computed,  and  this 
is  used  in  the  computations  for  horse-power.  To  compute  the 
equivalent  scale,  the  horizontal  lines  obtained  by  the  calibrations 
are  laid  off  as  in  Fig.  29.  The  areas  into  which  the  indicator 
card  is  divided  are  multiplied  by  the  corresponding  scales,  found 
by  dividing  the  equal  increments  of  pressure  by  the  distance 
between  each  set  of  the  lines,  and  the  sum  of  the  multiples  is 
divided  by  the  total  area  of  the  card  to  obtain  the  equivalent  cor- 
rected  scale.  If  the  indicator  cards  are  nearly  uniform  for  an 
engine  test,  the  equivalent  scale  computed  for  the  average  card 
may  be  applied  to  all  cards.  If,  on  the  other  hand,  the  cards 
vary  greatly,  the  equivalent  scale  should  be  computed  for  two  or 
more  cards,  and  the  scale  corresponding  to  the  area  of  each 
diagram  should  be  used  in  the  computations.  The  scale  of  a 
spring  to  be  used  on  a  low-pressure  cylinder  at  pressures  both 
above  and  below  the  atmosphere  will  often  vary  greatly  through- 
out its  range,  the  scale  below  the  atmosphere  being  greater  than 
that  above  the  atmosphere,  and  the  equivalent  scale  should  be 
computed  for  springs  of  this  class  by  the  method  just  described. 

3L\  Albert  A.  Gary. — I  would  like  to  ask  Professor  Jacobus  if 
he  makes  any  correction  for  the  raising  of  the  pencil  and  the  fall- 
ing of  the  pencil. 

Professor  Jacobus. — I  make  no  such  correction.  I  do  not  at- 
tempt to  correct  for  frictioD,  and  do  not  believe,  as  I  have  said 
before,  that  such  a  correction  can  be  mada  This  conclusion  was 
arrived  at  after  I  made  a  series  of  tests  where  the  friction  of  an 
indicator  was  varied  by  employing  various  sizes  of  pistons,  and 
cards  were  taken  simultaneously  with  this  indicator  and  a  second 
indicator  which  was  in  correct  adjustment.  These  tests  showed 
that  the  friction  could  not  be  allowed  for,  and  also  proved  that  if 
an  indicator  would  withstand  a  certain  test  for  friction,  the  effect 
of  friction  on  the  diagrams  would  be  neglectable. 
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The  test  for  friction  jnst  referred  to  is  as  follows :  a  constant 
pressure  of  steam  is  made  to  act  on  the  indicator.  The  pencil  is 
first  pressed  upwards  and  released,  the  indicator  jarred  lightly 
bj  striking  it  with  a  small  wooden  stick,  and  a  line  taken.  The 
operation  is  then  repeated,  except  that  the  pencil  is  pressed  down- 
ward and  another  line  is  taken.  If  the  two  lines  fall  one  on  top 
of  the  other,  or  very  nearly  so,  for  every  pressure  to  which  the 
indicator  is  to  be  subjected,  then  the  friction  is  not  excessive ; 
whereas,  if  they  do  not  fall  together,  the  friction  is  excessive. 
With  excessive  friction  there  may  be  steps,  or  right  angles,  traced 
in  the  expansion  line,  but  even  if  this  does  not  occur,  there  may 
be  an  error  in  the  mean  effective  pressure. 

Mr.  Deem. — ^I  should  like  to  ask  Professor  Jacobus  if  he  thinks 
it  does  any  good  to  oil  the  piston  of  an  indicator,  and  whether  or 
not  it  makes  any  difference  whether  the  cylinder  of  the  indicator 
is  horizontal  or  vertical. 

Professor  Jacobus. — We  always  oil  the  pistons.  For  high  pres- 
sures we  use  ordinary  cylinder  oil,  and  for  low  pressures  a  lighter 
oiL  I  believe  in  thoroughly  oiling  an  indicator,  both  when  it  is 
in  use  and  when  it  is  calibrated.  In  some  cases  oiling  the  piston 
of  an  indicator  will  not  cause  it  to  move  freely,  on  account  of  the 
grit  which  is  blown  in  the  indicator  along  with  the  steam.  A  new 
engine  will  sometimes  cut  in  the  cylinder  or  at  the  valves ;  and  if 
this  occurs,  it  may  be  impossible  to  obtain  correct  indicator  cards, 
even  where  the  indicators  are  cleaned  after  taking  each  card.  To 
obtain  good  results  with  an  indicator,  the  friction  must  be  reduced 
to  a  minimum,  and  to  accomplish  this,  the  piston  should  be  thor- 
oughly oiled. 

I  see  no  reason  why  an  indicator  should  not  give  the  same  re- 
sults with  the  cylinder  either  horizontal  or  vertical.  All  our  cali- 
brations of  indicators  are  made  with  the  cylinders  vertical,  but  in 
applying  them  to  engines  we  place  them  horizontal  as  well  as 
vertical. 

Mr.  Dean. — ^I  had  a  very  dirty  indicator  once,  and  put  it  on  a 
testing  machine,  and  got  the  friction  lines ;  then  very  carefully 
cleaned  it  and  oiled  it,  and  got  the  same  amount  of  friction.  I 
thought  I  would  like  to  know  what  you  had  found. 

Professor  Jaccfms. — If  an  indicator  is  not  in  correct  adjustment, 
any  amount  of  cleaning  or  oiling  may  not  bring  the  lines  together. 
The  difference  between  the  lines  may  amount  to  a  sixteenth,  or 
even  an  eighth,  of  an  inch.     Such  excessive  friction  is  often  caused 
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by  lack  of  alignment  in  the  spring  or  the  piston.  In  some  cases, 
by  reversing  the  spring  end  for  end,  most  of  the  friction  will  dis- 
appear, because  of  a  better  alignment  with  the  spring  reyersed 
than  that  which  originally  existed. 

Prof,  C.  -4.  Read.* — In  regard  to  the  suggestion  of  Professor 
Jacobus  a8  to  the  time  that  the  steam  is  admitted  to  the  indicator, 
I  find  that  with  a  little  practice  the  operator  can  adjust  the  pres- 
sure and  take  the  diagram  in  as  short  a  time  as  is  ordinarily  taken 
in  indicating  an  engine. 

If  I  were  to  build  another  machine  of  this  description,  I  should 
make  the  cylinders  somewhat  larger,  although  we  have  had  no 
trouble  with  the  present  size.  The  large  amount  of  exposed  sur- 
face effectually  settles  any  trouble  as  to  superheated  steam. 

When  it  comes  to  the  question  of  friction,  I  most  fully  agree 
with  the  gentleman  that  there  is  no  way  to  correct  for  it  A  well- 
made,  well-cared-for  indicator  will  have  little  friction  before  it  is 
attached  to  the  engine.  What  happens  after  it  is  attached  is 
wholly  problematic.  I  have  tested  an  indicator  and  found  it  in 
excellent  condition,  and  then  attached  it  to  the  horse-power  cylin- 
der of  a  compound  engine  ranning  250  reyolutions  per  minute,  to 
determine  the  friction  horse-power.  The  first  card  gave  a  good 
area,  but  each  successive  card  had  a  smaller  area,  till  finally  the 
steam  and  back-pressure  lines  nearly  coincided.  The  engine  was  a 
new  one.  The  same  indicator  gave  no  trouble  on  an  older  engine 
running  at  90  revolutions,  with  the  same  boiler  pressure. 

I  w6uld  like  to  say,  in  connection  with  Mr.  Dean's  question,  that 
the  superintendent  of  one  of  the  best  known  indicator  companies 
claims  that  it  is  much  better  not  to  oil  the  piston  of  an  indicator. 

♦  Author's  closure,  under  the  Rules. 
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No.  srs.* 

COMPABI80N  OF  RULES   FOR    CALCULATING    THE 
STRENGTH  OF  STEAM  BOILERS. 

BT  B.  Dl  B.  PAR80N8,  NEW  YORK,  N.  T. 

(Member  of  the  Society.) 

1.  The  object  of  this  paper  is  to  attract  the  attention  of 
engineers  to  variations  in  the  rules  now  in  use  for  determining 
the  strength  of  the  different  parts  which  make  up  a  steam  boiler, 
with  the  hope  that  it  may  elicit .  a  full  discussion  of  the  ques- 
tion whether  or  not  it  is  desirable  to  prepare  a  set  of  standard 
roles  for  strength. 

Uniyersal  standards,  based  on  scientific  methods  coupled 
with  experiment  and  experience,  are  now  being  adopted  with 
advantage  by  both  engineering  and  commercial  interests. 

Engineers  have  accumulated  sufficient  experience  to  predict 
with  accuracy  results  that  can  be  expected.  Such  predictions 
as  to  strength  of  boilers  are  foretold  by  calculations  founded 
on  analytical  science,  with  constants  supplied  by  experiment. 
Engineering  literature  is  rich  with  records  of  these  experiments, 
and  the  results  obtained  are  in  close  enough  accord  for  all  prac- 
tical purposes. 

The  author  will  not  attempt  a  complete  analysis  of  the  rules 
in  force,  as  most  engineers  are  fully  aware  of  the  discrepancies, 
but  will  simply  compare  a  few  rules  for  the  sake  of  illustration.t 

Data  Assumed. 

Type  of  boUer Scotch. 

.Mean  diameter 12  feet  7  inches  =  151  inches. 

Working  steam  pressure 180  pounds  above  atmosphere. 

Material Steel. 

"      tensile  strength 60,000  pounds. 

Thickness  of  shell |  inch. 


♦  Presented  at  the  New  Fork  meeting  (December,  1900)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the 
Tranaactions. 

\  A  lengthy  comparison  was  made  by  Mr.  N.  Foley — see  "  International  Engi- 
neering Congresa,"  Division  of  Marine  and  Naval  Engineering,  Vol.  II.,  1894. 
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Joints,  longitudinal Doable   batt   straps   of   equal  width, . 

doable  riveted. 

"     transverse Lapped,  doable  riveted. 

Rivets,  material Steel. 

diameter 1  inch. 

pitch  4  inches. 

Flat  heads,  steam  space,  thickness f  inch. 

Long  stays,  steel,  spacing 15  inches. 

* '  fastening Doable  nats,  thinnest  washer  allowed. 

Stay-bolts,  spacing 8^  inches. 

fastening  Screwed,  single  nats. 


4  ( 


(( 


2.  From  the  above  data  the  working  pressure  allowed  on  the 
shell  in  pounds  per  square  inch  would  be  as  given  in  Table  L 

TABLE  I. 

I.  United  States  Board  of  Supervising  Inspectors  of  Steam  Vessels. . . .  189.0 

n.  Lloyd's  Rules 116.8 

m.  Board  of  Trade 111.0 

IV.  British  Corporation 118.6 

V.  Bureau  Veritas 110.8 

The  difference  is  28.2  pounds,  or  oyer  25  per  cent. 

The  first  rule  makes  no  allowance  for  workmanship  or  pro- 
portions of  joint.  The  other  four  rules  include  the  percentage 
of  strength  of  joint,  while  the  third  rule  has  a  sliding  scale  for 
workmanship,  shop  methods,  and  general  design. 

3.  The  working  pressure  allowed  on  the  flat  heads  in  the 
steam  space,  when  not  exposed  to  the  hot  gases,  and  when  the 
stays  are  fitted  with  double  nuts  and  a  washer  on  the  outside, 
riveted  to  head  and  of  minimum  thickness  mentioned  in  the 
rule,  would  be  as  given  in  Table  II. 

TABLE    II. 

I.  United  States  Board  of  Supervising  Inspectors  of  Steam  Vessels. . . .  184.8 

II.  Lloyd's  Rules 138.0 

in.  Board  of  Trade 144.8 

IV.  British  Corporation 127.9 

V.  BureanVeritas 130.9 

The  difference  is  56.4  pounds,  or  over  44  per  cent 
The  rules  are  not  alike  as  to  the  size  and  thickness  of  the 
minimum  riveted  washer  mentioned,  and  consequently  the  vari- 
ation is  largely  due  to  the  value  of  the  constant  employed. 

4.  Taking  the  data  as  assumed,  and  making  the  calculationa 
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for  a  working  pressure  of  130  pounds,  the  results  for  the  parts 
specified  would  be  as  given  in  Table  III. 


TABLE  m. 


Part  of  Boiler. 


Thickness  of  shell,  inches 

Nearest  82cl 

Thickness  of  flat  surfaces,  screw 
stay-bolts,  8i-inch  centres,  fitted 
with  nuts,  inches 

Neare8t32d 

Area  of  long  steel  stays,  square 
Inches 

Diameter — nearest  16th 


I. 

United 

StAtes 

S.  I.  8.  V. 

II. 

Lloyd's 

Bales. 

III. 

Board 

OfTrade. 

IV. 
British 
Corpora- 
tion. 

0.8229 

0.5531 
3.656 

2A 

0.9594 

a 

0.5531 

y* 

3.656 

2A 

1.0239 

0.5232 

3.250 

2A' 

0.9532 

u 

0.5338 

a 

3.262 

2-fV 

V. 
Bareaa 
Veritas. 


1.0201 
0.4842 

ii 

3.259 

2iV 


5.  C5ertain  essential  details  are  not  provided  for  by  some  of 
the  regulations,  but  are  in  others.  Some  inflict  penalties  for 
poor  workmanship  and  defective  design,  while  others  allow  the 
same  pressure  on  the  best  as  well  as  the  poorest  boiler  when 
made  from  the  same  materiaL  Corrosion  is  provided  for  by  the 
addition  of  a  fixed  thickness  to  the  calculated  part  under  some 
regulations,  while  in  others  it  is  included  only  in  the  general 
factor  of  safety.  This  factor  of  safety  necessarily  diflfers  in  all 
the  regulations. 

The  author  is  not  aware  that  there  have  been  any  more  failures 
under  the  regulations  giving  the  minimum  thickness  than  under 
those  of  the  maximum.  If  the  minimum  is  ample,  why  use  the 
maximum  ?  If,  under  the  high  pressures  now  maintained,  the 
maximum  is  needed  for  safety,  is  it  not  opportune  to  increase 
the  minimum  ?  If  the  minimum  is  sufficient,  then  from  Table 
III.  it  will  be  apparent  that  under  any  one  regulation  the  boiler 
is  not  of  equal  strength  throughout  its  parts,  nor  is  there  the 
same  allowance  for  the  more  rapid  corrosion  of  certain  parts 
over  others.  Thus,  if  the  shell  thickness  under  Regulation  I. 
be  correct,  it  is  not  necessary  to  have  it  as  heavy  as  under  Regu- 
lations IIL  and  V.,  while  the  staying  of  Regulations  III.  and 
V.  are  lighter  than  in  Regulation  I. 

6.  The  author  does  not  desire  to  present  this  paper  as  an 

♦  iJ  is  too  thin,  but  for  4}  pressure  could  be  151  pounds,  or  nearly  17  per 
cent,  more  than  required. 
9 
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argument  either  for  or  against  the  idea  of  appointing  a  com- 
mittee to  consider  and  draft  a  set  of  regulations,  but  does  so 
with  the  hope  that  the  members  will  freely  express  their 
opinions  on  the  question.  If  a  committee  be  appointed,  the 
author  would  suggest  that  the  committee  contain  as  members 
representatives  of  the  various  recognized  regulations,  so  that 
the  rules  proposed  may  have  a  universal  standing. 

Appendix. 

Below  is  appended  a  short  statement   of  the  regulations 
referred  to  above: 

Meaning  of  Letters. 

S  denotes  tensile  strength  in  pounds  per  square  inch. 

S,  "            "              "         "  tons          "        **         " 

t  '  thickness  of  part  in  inches. 

T  "                "         "  parts  in  sixteenths  of  an  inch. 

D  '*  mean  diameter  of  shell  in  inches. 

B  ''  least  percentage  of  strength  of  joint. 

C  "  constant. 

p  **  pitch  of  stays  in  inches. 

a  '*  spacing  of  rows  of  stays  in  inches. 

W  "  working  pressure  in  pounds  per  square  inch. 

Cylindrical  Shell, 

United  States  Board  of  Supervising  Inspectors  of  Steam  Vessels : 

1  X  5^  X  2  X  ^ 

-A  — jz =  working  pressure,  to  which  add  20  per  cent 

for  double  riveting. 

Lloyd's  Eule : 

Cx(T-2)xjB 

iR =  working  pressure. 

Board  of  Trade : 

{S  yi  B)x2xt  , . 

^ jy — Ts =  working  pressure. 

Note. — In  tbis  rule  C  is  a  minimum  factor  of  safety,  with  additions  aceord- 
ing  to  circumstances. 
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British  Corporation : 

^ — j: =  working  pressure. 

Bureau  Veritas : 

Calculates  rupture  through  "Plate,"  "Eivets,"  "Plate  and 
Bivets,"  "  Butt  Straps,"  and  "  Butt  Straps  and  Rivets."  Uses 
the  minimum  pressure  so  found.  FormulsB  allow  0.04  inch  in 
thickness  for  corrosion. 

FlcU  Surfaces, 

United  States  Board  of  Supervising  Inspectors  of  Steam  Vessels : 

Cx  T^  ,  . 

2 —  =  working  pressure. 

Lloyd's  Eules  : 

Cx  T'  , . 

2 —  ~  workmg  pressure. 

Board  of  Trade : 

CxiT-iy        ,. 

— — ^— - — ^  =  working  pressure. 
British  Corporation : 

Cx{T-iy        ,. 

^ =  workine  pressure. 

a  X  p  ^  ^ 

Bureau  Veritas : 

(a^+y)  X  C  ^  ^^^^^^g  pressure. 

Steel  Stays. 

United  States  Board  of  Supervising  Inspectors  of  Steam  Vessels  : 

For  stays  not  exceeding  2J  inches  eflfective  diameter,  8,000 
pounds  per  square  inch  of  section.  Stays  exceeding  2^  inches, 
9,000  pounds. 

Lloyd's  Bules : 

For  stays  not  exceeding  1^  inches  eflfective  diameter,  8,000 
pounds  per  square  inch  of  section.  Stays  exceeding  1^  inches, 
9,000  pounds. 

Board  of  Trade : 

For  stays,  when  material  has  tensile  strength  from  27  to  32 
tons,  9,000  pounds  per  square  inch. 
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British  Corporation : 


V 


— ^    —  +  i  =  effective  diameter,  inches. 


Bureau  Veritas : 


V 


6t     X    D    X      rr 

-— — ^- — ^ — h  i  =  effective  diameter,  inches. 

OU\)  X  Oi 


DISCUSSION. 


Mr.  R.  S.  Ilale. — Mr.  Parsons's  paper  is  a  very  interesting  one, 
in  bringing  out  the  different  results  obtained  when  using  various 
standard  rules  for  boiler  designs.  The  practice  of  the  Mutual 
Boiler  Insurance  Company,  for  which  I  am  consulting  engineer, 
may  not  be  absolutely  correct,  and  may  not  be  the  best,  but  a 
statement  of  our  practice  may  show  the  difficulty  in  establishing 
any  set  of  standard  rules. 

Taking  up  first  the  question  of  the  cylindrical  sheU,  I  will  refer 
to  the  horizontal  return  tubular  boiler,  as  by  far  the  great  ma- 
jority of  boilers  which  come  under  our  inspection  are  of  this  type. 

The  factors  covering  the  pressures  to  be  allowed  on  these 
boilers  are  thickness  of  the  plate,  the  strength  of  the  metal,  the 
efficiency  of  the  joint,  and  what  may  be  called  the  moral  factors, 
such  as  the  design  of  the  boiler,  the  workmanship  during  con- 
struction, and  the  use  to  which  the  boiler  is  put.  In  regard  to 
the  efficiency  of  the  joint,  we  always  compute  this  from  the 
strength  of  the  metal  and  of  the  rivets.  We  do  not,  however, 
often  find  it  necessary  in  new  boilers  with  butt-strapped  joints  to 
consider  particularly  the  strength  of  the  rivets  in  shear,  since,  if 
the  joint  is  properly  designed  for  a  tight  joint,  the  rivets  are 
usually  much  stronger  than  the  plate.  On  lap  joints  this  is  not 
necessarily  the  case,  but  lap-joint  boilers  are  now  very  seldom 
put  in  by  our  members,  except  for  heating  purposes,  where  the 
pressure  carried  does  not  exceed  15  pounds  per  square  inch,  and 
where  the  margin  of  strength  is  very  high. 

In  regard  to  the  tensile  strength  of  the  metal,  it  is  our  custom 
to  specify  that  the  tests  of  coupons  in  the  sheets  shall  not  be 
less  than  a  certain  amount,  usually  55,000  pounds  per  square 
inch,  nor  more  than  a  certain  amount,  usually  65,000  pounds  per 
square  inch.  We  also  specify  that  the  elongation  in  8  inches 
shall  not  be  less  than  a  given  amount,  usually  25  to  80  per  cent., 
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and  that  the  phosphorus  and  sulphur  shall  not  exceed  certain 
limits,  usnallj  .036  per  cent.  These  requirements  represent  the 
usual  mild  steel  specifications.  So  long  as  the  metal  comes  up  to 
the  specifications  called  for,  we  pay  no  attention  to  the  exact 
tensile  strength  found  on  the  test,  but  design  for  the  moderate 
stress  in  the  weakest  point  in  the  riveted  joint  of  12,000  pounds 
per  square  inch.  This  corresponds  to  a  factor  of  safety  of  5  if  the 
strength  of  the  metal  is  taken  as  60,000  pounds  per  square  inch, 
or  to  a  factor  of  about  4^  if  the  tensile  strength  is  taken  at  55,000 
pounds  per  square  mcL 

We  make  no  allowance  for  future  corrosion  in  the  design  of  the 
boilers,  except  in  so  far  as  we  use  a  lower  unit  stress  in  design- 
ing than  we  consider  safe,  so  that  even  with  some  slight  corrosion 
the  boiler  can  still  be  run  at  the  pressure  for  which  it  is  designed. 

The  above  data  determine  the  pressure  on  new  boilers  built  to 
our  specifications,  and  we  expect  that  such  boilers  will  be  able 
to  carry  their  pressure  for  many  years  without  any  necessity 
to  reduce  it.  Of  course,  if  a  boiler  shows  signs  of  distress  or 
severe  corrosion,  it  might  be  necessary  to  cut  down  the  pressure, 
but  we  consider  that  a  boiler  with  metal  of  the  above  quality  and 
with  butt-strapped  joints  is  safe,  even  if  the  metal  is  stressed 
considerably  above  12,000  pounds  per  square  inch,  so  that  there 
is  a  considerable  mai^n  for  corrosion  or  other  troubles. 

In  the  case  of  a  boiler  which  is  submitted  to  us  for  inspection 
and  insurance  we  adopt  the  same  rules  as  above  given,  but  in 
this  case  we  cannot  give  our  members  any  assurance  that  they 
will  be  able  to  carry  a  pressure  corresponding  to  a  unit  stress  of 
12,000  pounds  per  square  inch  on  their  boilers  for  any  length  of 
time.  However,  on  boilers  with  the  butt-strapped  joint,  where  we 
have  reasonable  grounds  to  believe  that  the  metal  is  of  good 
quality,  there  is  but  slight  probability  that  we  should  find  it 
necessary  to  cut  down  the  pressure,  and  we  even  allow  higher 
pressures  to  be  carried  after  giving  notice  that  such  higher  pres- 
sures may  be  only  temporary. 

On  old  boilers,  however,  where  the  joints  are  lap  joints,  and  most 
especially  where  these  joints  are  exposed  to  the  fire,  we  never  allow 
a  greater  pressure  than  that  corresponding  to  a  unit  stress  of  12,000 
pounds  per  square  inch  (factor  of  safety  of  5).  It  is  true  that  in 
occasional  cases,  when  cutting  down  the  pressure  would  involve 
shutting  down  the  whole  steam  plant,  we  sometimes  allow  a  higher 
pressure  for  a  few  months  until  new  boilers  can  be  procured. 
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In  special  cases,  such  as  yery  old  boilers  showing  signs  of  dis- 
tress, we  do  not  even  allow  as  high  a  pressure  as  this. 

It  will  thus  be  seen  that  our  rule  corresponds  to  the  English 
Board  of  Trade  rule,  except  that  we  take  a  fixed  value  for  the 
strength  of  metal,  and  that  our  C  is  an  average  factor  of  safetj 
for  which  we  make  allowances  in  the  cases  of  boilers  which  are 
especially  weU  designed  and  made,  and  additions  only  in  the  case 
of  old  boilers  which  show  signs  of  distress. 

Of  course  the  rules  stated  above  apply  only  to  the  mild  steel 
which  is  now  universally  used  for  boilers.  We  were  recently  asked 
to  insure  some  boilers  which  were  to  be  built  of  nickel  steeL  We 
went  into  the  subject  as  thoroughly  as  we  could  at  the  time  with 
the  literature  and  tests  available,  and  finally  told  the  parties  who 
wished  to  build  these  boilers  that  we  were  prepared  to  allow  a 
unit  stress  considerably  above  the  12,000  pounds  per  square  inch 
which  we  allowed  on  mild  steel,  and  that  the  excess  would  depend 
largely  on  the  quality  of  nickel  steel  which  they  proposed  to  use,, 
and  the  specifications  to  which  it  was  made.  The  boilers  were,  in 
the  end,  not  built,  so  that  the  question  was  not  considered 
further.  We  also  have  a  number  of  old  iron  boilers  under  ur 
chaise  on  which  we  usually  allow  8,000  to  10,000  pounds  stress 
on  the  metal.  These  boilers,  however,  are  almost  all  made  with 
lap  seams,  and  we  are  encouraging  our  members  to  replace  them 
as  fast  as  possible  with  a  safer  type. 

All  the  above  discussion  refers  to  horizontal  return  tubular 
boilers.  We  also  have  under  our  charge  a  lai^e  number  of  verti* 
cal  tubular  boilers,  both  of  the  ordinary  type  and  of  the  Manning 
type.  On  these  we  adopt  the  same  general  rules  with  the  excep- 
tion that  our  specifications  as  to  the  quality  of  metal  are  not  quite 
as  stiff,  since  the  metal  of  the  outside  shells  is  not  exposed  to  the 
heat  of  the  fire,  and  we  also  allow  a  slightly  greater  stress  on  the 
metal  of  the  outside  shells,  going  up  as  high  as  13,333  pounds  per 
square  inch,  corresponding  to  a  factor  of  safety  of  4j,  if  the  tensile 
strength  be  taken  as  60,000.  On  old  boilers  of  this  type  with  lap 
seam  joints  we  are  averse  to  allowing  more  than  12,000  pounds 
per  square  inch  stress  in  the  metal.  On  new  boilers  with  butt 
strap  joints  and  metal  of  good  quantity  we  should  not  be  afraid 
to  allow  15,000  pounds  per  square  inch,  corresponding  to  a  factor 
of  safety  of  4,  provided  our  members  understood  that  this  pres- 
sure might  be  reduced  at  any  time. 

In  regard  to  stayed  surfaces  we  have  two  cases  to  consider. 
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Firsts  in  horizontal  tabular  boilers.  In  these  we  stay  the  heads 
preferablj  with  through  and  through  rods  of  large  size,  say,  of 
about  2  inches  diameter,  with  channel  bars  or  angle  bars  riveted 
to  the  heads  to  stiffen  them.  On  these  rods  we  allow  a  stress  of 
9,000  pounds  per  square  inch. 

On  the  fire  box  of  vertical  tubular  boilers  we  have  usually 
adopted  the  United  States  rule.  This  gives  the  highest  pressure 
of  any  of  the  rules  in  common  use,  but  even  in  large  boilers  with 
the  fijre  box  six  or  seven  feet  in  diameter,  the  fire  box  is,  to  a  cer- 
tain  extent,  self-sustaining,  so  that  we  have  thought  the  rule  gave 
ample  mai^n,  particularly  as  we  know  of  very  few  cases  of  failure 
of  boilers  at  this  point. 

On  small  vertical  tubular  boilers,  of  which  we  have  quite  a 
number  under  inspection,  even  the  United  States  rule  would 
require  a  very  much  larger  number  of  stays  than  is  found  practi- 
cally necessary.  We  have  had  occasion  to  design  but  very  few 
small  boilers  of  this  type,  as  most  of  the  boilers  under  our  inspec- 
tion were  already  at  work  when  brought  to  us  for  approval  or  to 
determine  a  pressure.  In  the  latter  cases  we  have  computed  the 
permissible  pressure  by  the  United  States  rule,  and  also  the  per- 
missible pressure  considering  the  fire  box  as  a  collapsible  flue. 
If  the  sum  of  these  two  pressures,  ^.^.,  the  pressure  which  the  fire 
box  will  carry  as  a  collapsible  fine,  added  to  the  stifiBuing  effect 
of  the  stays,  was  greater  than  the  pressure  which  the  user  of  the 
boilers  desired  to  carry,  we  have  considered  ourselves  safe  in 
allowing  that  pressure,  and  have  never  had  any  difficulty. 

As  will  be  seen  from  the  above  statement,  there  would  be  great 
difficulty  in  adopting  any  rules  which  could  take  into  account  all 
the  different  factors  of  different  qualities  of  metal,  different  design 
of  joints,  different  grades  of  workmanship,  different  allowances 
for  corrosion,  and  differing  services  for  which  the  boilers  are  to 
be  used.  At  the  same  time  full  discussion  of  all  these  questions 
would  be  of  great  value  to  designers  and  insurers  of  boilers. 

Mr,  F,  A.  Scheffler, — This  paper  is  one  of  the  most  important 
papers  ever  presented  to  the  Society.  The  writer  has  had  con- 
siderable experience  in  designing  and  constructing  boilers  of  vari- 
ous kinds,  but  never  before  have  1  fully  realized  that  there  is  such 
a  discrepancy  between  the  "rules"  used  by  various  important 
supposed-to-be  authorities  as  is  briefly  and  tersely  set  forth  in 
Mr.  Parsons  8  paper. 

Personally,  I  believe  that  the  best  rule  as  to  strength  of  shells 
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is  the  one  used  by  the  Board  of  Trade,  as  the  strength  of  joint  is 
taken  into  consideration,  which,  in  my  opinion,  is  the  only  proper 
way  to  obtain  the  true  strength  of  the  shelL  It  is  surprising  that, 
with  all  the  brains  which  our  government  has  at  its  command, 
no  one  at  Washington  has  had  the  sense  to  correct  or  revise  the 
loose  rule  now  in  existence  for  determining  the  strength  of  shell& 

This  rule  is  so  old  that  you  can  almost  see  the  gray  hairs  on  it 
It  is  wrong  in  more  ways  than  one,  but  I  call  attention  to  the  fact 
that  20  per  cent,  is  not  always  the  increase  in  strength  of  the 
joint  by  double  riveting.  One  can  design  a  joint  in  double  rivet- 
ing which  will  only  increase  the  strength  10  per  cent.,  or  which 
will  increase  it  30  per  cent.,  if  the  single  riveted  joint  with  which 
it  is  compared  is  a  bad  one.  Query :  Does  the  department  allow 
30  per  cent,  additional  pressure  for  a  triple  riveted  joint? 

On  the  other  hand,  the  Board  of  Trade's  rule  for  flat  surfaces 
is  not  so  conservative,  and  some  of  the  others  are  better. 

I  am  heartily  in  favor  of  appointing  a  committee  to  endeavor  to 
adopt  some  standard  which  will  be  used  all  over  the  world,  and 
trust  this  matter  will  meet  with  the  attention  it  deserves  in  the 
hands  of  our  Society. 

Mr,  Edward  P.  Thompson. — Common  sense  is  a  rule  which 
has  been  referred  to.  Yet  that  is  a  most  indefinite  term.  I  have 
become  interested  lately  in  the  strength  of  steam  boilers,  and  find 
there  is  no  common  sense  about  a  certain  feature,  so  far  as  I  can 
see.  Not  long  ago  I  was  called  upon  to  make  an  examination  in 
connection  with  a  blow-out  of  a  locomotive.  The  locomotive  was 
going  down  grade,  and  some  unusual  sound  was  heard.  The  en- 
gineer saw  the  fireman  blown  off  the  locomotive  and  rolling  down 
the  bank.  After  being  picked  up  he  was  found  to  have  been 
scalded,  and  that  is  the  way  he  met  his  death,  rather  than  by  the 
tumble  he  had.  He  was  able  to  testify,  however,  a  little  while 
afterward,  before  he  died,  and  he  merely  thought  it  was  a  blow- 
out of  a  tube,  and  in  that  case,  of  course,  it  would  be  looked  upon 
as  an  ordinary  occurrence  and  something  which  could  not  weU  have 
been  prevented.  But  in  this  particular  instance  it  could  have 
been  prevented,  and  if  this  practice  of  plugging  boilers  is  kept 
up  there  will  be  plenty  of  accidents  of  that  kind.  There  have 
probably  been  a  great  many  accidents  which  we  have  never  heard 
about — cases  where  the  party  injured  does  not  make  any  com- 
plaint. This  was  the  nature  of  the  accident :  The  foreman  had 
ordered  some  tubes  at  the  lower  part  of  the  boiler  to  be  removed, 
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and  **  common  sense  "  in  this  case  was  merely  a  name  for  a  cer- 
tain practice  with  which  he  had  become  acquainted,  and  therefore 
it  was  common  sense  to  him.  Others  had  done  it,  and  therefore 
he  could  do  it,  and  that  is  what  his  common  sense  was.  He 
plugged  up  the  twelve  holes  where  the  six  tubes  had  been  taken 
out  If  you  take  out  half  a  dozen  tubes  which  act  as  ties  to  hold 
the  heads  together,  the  boiler  will  be  that  much  weaker.  That  is 
mathematical  reasoning.  I  believe  in  basing  rules  upon  reason 
rather  than  upon  common  sense,  because  people  have  different 
ideas  about  common  sense.  He  plugged  up  the  holes.  It  was 
difficult  to  determine  whether  these  holes  were  plugged  up  by 
threading  the  plugs  or  by  merely  driving  them  in.  One  witness 
held  they  were  merely  driven  in.  Another  held  that  they  were 
threaded.  But  it  is  quite  immaterial,  because  a  plug  can  be 
driven  out  when  a  tube  could  not  be  blown  or  burst.  When  the 
plug  is  in  instead  of  the  tube,  you  not  only  have  the  boiler  weak- 
ened so  as  to  allow  the  blowing  out  of  the  head,  but  the  pressure 
upon  the  plug  will  be  greater  and  more  apt  to  produce  the  acci- 
dent than  if  the  tube  is  there,  because  the  pressure  can  act  longi- 
tudinally upon  full  end  surface  of  the  plug.  Say  the  plug  is 
6  to  7  inches  square  in  area,  as  it  could  easily  be — perhaps  about 
6  square  inches  ;  multiply  that  by  the  pressure  that  they  had — 
70  pounds — ^you  will  see  there  is  a  great  deal  of  pressure  upon 
that  plug  to  blow  it  out.  The  only  reason  that  somebody  was  in- 
jured in  this  case  was  that  the  man  happened  to  open  the  door 
of  the  fire  box,  and  happened  to  be  standing  in  the  way  of  the 
plug  when  it  was  driven  out.  But  how  many  know  bow  many 
plugs  have  been  driven  out,  and  people  injured  for  life  ?  So  it 
would  seem  as  if  it  were  a  matter  of  almost  sufficient  importance 
to  have  legislative  action.  But  why  should  a  body  of  intelligent 
engineers  be  forced  to  adopt  a  simple  rule  forbidding  that  plugs 
shall  be  employed  where  tubes  have  been  removed  for  cleaning 
or  for  any  other  purpose? 

Prof.  H.  W,  Spangler, — It  would  seem  to  me  that  this  ques- 
tion is  largely  a  question  of  insurance.  I  have  found  in  a  number 
of  cases  where  I  have  had  boilers  imder  my  charge  that  the  rules 
of  a  certain  insurance  company  would  not  allow  the  boiler  to  be 
insured  imder  that  company  with  the  dimensions  which  the  boiler 
had  and  with  the  pressure  which  is  to  be  carried.  I  have  found 
that  the  insurance  companies  were  always  very  amenable  to 
reason,  however,  and  that  their  rules  would  be  modified  if  there 
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was  good  reason  for  doing  it.  As  far  as  the  rules  given  in  Mr. 
Parsons's  paper  are  concerned,  they  are  practically,  as  far  as  for- 
eign work  is  concerned,  the  rules  of  the  insurance  companies.  As 
far  as  the  United  States  rules  are  concerned,  they  are  those  roles 
which  must  be  followed  by  vessels  which  are  to  be  used  in  the 
navigable  waters  of  the  United  States.  If  you  are  going  to  in- 
sure in  a  particular  company,  you  want  to  build  what  that  partic- 
ular company  is  willing  to  insure  after  it  is  built.  If  you  are 
willing  to  insure  yourself,  it  seems  to  me  you  should  design  as 
you  know  is  right,  if  you  do  know.  I  am  satisfied  that  the  rules 
of  the  United  States  supervising  inspectors  are  far  from  being  the 
best  rules  for  the  building  of  boilers  which  can  be  devised ;  but 
those  of  us  who  have  had  to  deal  with  the  foreign  insurance  com- 
panies, and  have  kept  track  of  their  rules  for  years,  know  that 
those  rules  are  constantly  being  modified  by  their  experience ; 
and  their  experience,  to  my  mind,  is  that  common  sense  to  which 
one  of  the  speakers  referred  to  to-day.  Therefore,  if  one  wants  to 
insure  his  boilers,  it  seems  to  me  it  is  nothing  more  than  sensible 
that  he  should  build  his  boilers  as  insurance  companies  call  for. 
If  those  rules  are  not  right,  there  is  not  much  difficulty,  if  you 
get  at  the  engineering  side  of  the  insurance  company,  in  con- 
vincing them  that  the  boiler  you  propose  to  build  or  to  buy  will 
do  its  work  quite  as  satisfactorily  as  the  boilers  which  they  say 
they  will  insure.  I  have  found  there  is  very  little  difficulty  in  the 
handling  of  properly  built  boilers,  although  they  may  not  be  built 
exactly  as  the  rules  call  for. 

J/r.  William  Kent, — There  was  a  long  paper  on  this  subject 
presented  at  the  Engineering  Congress  in  Chicago,  in  1893,  by 
Mr.  Nelson  Foley.  Those  who  are  interested  in  this  subject 
ought  to  see  that  paper,  as  the  author  suggests  in  his  note. 

In  regard  to  the  United  States  rules,  I  think  they  have  been 
condemned  by  every  authority  who  has  ever  written  on  the  sub- 
ject. They  are  known  to  be  less  safe  than  any  other  rules,  and 
the  foreign  rules,  the  Board  of  Trade,  Lloyds,  the  Bureau  Yeritas, 
and  others,  are,  as  Professor  Spangler  says,  being  constantly 
modified  by  experience,  while  the  United  States  rules  are  not 
modified  by  experience  or  anything  else.  They  have  been  con- 
demned by  writers  for  the  last  25  years,  and  they  remain  in 
the  same  old  fossilized  condition  in  which  they  always  have  been, 
with  the  single  exception  known  to  me,  that  a  few  years  ago  the 
Board  of  Supervising  Inspectors  did  discover,  20  years  after 
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other  people  had  discovered  it,  that  the  neck  form  of  test  piece 
was  not  a  good  one  for  steel.  I  believe  the  rules  still  allow  that 
neck  form  for  iron.  Years  ago  it  was  not  good  for  either  iron  or 
steel,  and  the  United  States  Board  of  Supervising  Inspectors  only 
four  or  five  years  ago  did  find  out  that  it  was  not  good  for  steel. 

I  am  sorry  that  Mr.  Parsons  has  this  sentence  in  his  paper : 
''  The  author  is  not  aware  that  there  have  been  any  more  failures 
under  the  regulations  giving  the  minimum  thickness  than  under 
those  of  the  maximum."  Mr.  Parsons  is  enough  of  a  lawyer  to 
know  that  negative  testimony  is  not  good  testimony.  The  fact 
that  he  did  not  see  a  man  kill  another  is  no  proof  that  the  man 
did  not  kill  the  other.  But  on  the  other  hand  the  experience  of 
the  insurance  companies  of  this  country  and  the  experience  of 
foreign  countries  is  that  boilers  ought  to  be  built  about  as  these 
foreign  rules  lay  down.  And  they  do  not  differ  so  much  among 
themselves.  For  instance,  the  working  pressure  allowed  on 
the  flat  heads,  when  not  exposed  to  the  hot  gases,  and  when  the 
stays  are  fitted  with  double  nuts  and  a  washer,  etc.,  is  127,  the 
British  Corporation,  and  144,  Board  of  Trade,  the  two  extremes, 
while  the  United  States  rules  give  184  pounds.  The  working 
pressure  allowed  on  the  shell  in  pounds  per  square  inch  varies 
from  110  to  118  according  to  the  foreign  rules,  while  the  United 
States  rule  gives  139  pounds.  So  the  United  States  rule  is  the 
only  one  which  is  very  far  away.  I  think,  if  we  want  to  build 
boilers,  if  we  build  them  according  to  foreign  rules  or  according 
to  the  rules  of  the  American  Insurance  Companies,  they  will  be 
all  right. 

I  wish  to  put  on  the  board  a  formula  which  I  published  years 
ago,  and  which  I  think  a  pretty  good  one  for  strength  of  shell  of 
the  boiler :  Working  pressure  equals  14,000  times  the  thickness 
in  inches,  divided  by  the  diameter  in  inches,  W  =  14,000  t  -^  d. 
That,  you  see,  is  independent  of  the  actual  tensile  strength  of  the 
steel.  It  is  based  on  the  supposition  that  the  factor  of  safety  of 
5  is  correct  for  50,000-pound  steel ;  a  factor  of  6  for  60,000,  and 
a  factor  of  7  for  70,000.  That  is  to  handicap  the  higher  carbon 
steel.  As  every  one  who  knows  anything  about  the  manufacture 
of  fire  boxes  knows,  the  very  best  steel  you  can  get  is  the  softest. 
So  to  prevent  men  putting  in  high  carbon  steel  we  handicap  it 
by  giving  a  higher  factor  of  safety.  It  is  also  based  on  a  rivet 
seam  factor  of  0.70,  which  will  do  for  a  very  well-designed  lap 
joint.     Of  course  a  lower  factor  can  be  used,  in  the  engineer's 
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judgment,  if  he  uses  butt  joints  and  is  careful  about  the  manufac- 
ture of  the  plate  and  inspection,  tensile  strength,  and  all  that.  He 
might  raise  the  figure  of  14^000  higher  if  he  is  satisfied  with  a 
lower  factor  of  safety. 

Mr,  George  I.  Rockwood. — Boiler  makers  in  America,  I  think^ 
have  fallen  into  the  way  of  not  using  any  authoritative  rules  of  a 
general  nature  in  designing  steam  boilers,  but  rather  they  apply 
the  rule  of  common  sense  and  arithmetic  to  each  individual  case. 
So  that  I  think  the  paper  would  have  less  interest  for  us  than 
would  be  the  case  were  we  Englishmen,  Frenchmen,  or  Germans. 
Ko  doubt  the  Navy  uses  the  Navy  rule,  but  certainly  designers  of 
land  boilers  do  not  use  it. 

Nevertheless,  it  seems  reasonable  that  we  should  have  some 
authoritative  expression  on  the  subject,  especially  with  reference 
to  the  proper  factor  of  safety  for  each  part  of  a  vessel,  of  what- 
ever shape,  built  to  contain  high-pressure  steam.  I  agree  em- 
phatically with  the  author  that  a  committee  to  investigate  and 
report  upon  suitable  rules  would  be  a  wise  one  to  create. 

Mr.  Henry  I.  SnelL — I  would  like  to  make  a  suggestion  in 
connection  with  the  idea  just  advanced,  and  that  is,  if  this  com- 
mittee is  appointed,  they  also  be  requested  to  formulate  a  rule  by 
which  the  boiler  shall  be  taken  care  of  after  we  get  it. 

We  all  know  that  safety  depends  as  much  upon  the  man  who 
has  the  boiler  under  his  charge  as  upon  the  designer  or  builder. 

I  have  had  considerable  experience  in  being  around  boilers, 
oftentimes  in  positions  from  which  it  would  be  difficult  to  escape 
in  case  an  explosion  occurred.  I  have  learned  that  explosions 
occur  more  frequently  from  strong  and  well-made  boilers  than 
from  old  or  weak  ones.  A  little  thought  will  surest  that  in  the 
one  case  we  depend  upon  the  strong  boiler  to  stand  any  and 
every  usage,  while  in  the  other  the  engineer  protects  his  own  and 
other  lives  with  his  care  and  watchfulness. 

I  recall  a  boiler  which  some  years  ago  was  in  use  on  the  East 
Boston  Ferry,  and  had  been  for  many  years,  until  it  had  nearly  all 
rusted  out,  with  some  of  the  plates  so  thin  I  have  seen  the  engineer 
thrust  a  blade  of  his  penknife  right  through  them.  This  boiler, 
before  and  after  this  time,  was  in  daily  use,  carrying  thonsands 
of  passengers  from  East  Boston  to  the  city  proper. 

It  was  one  of  the  usual  type  of  ferryboat  boilers  of  that  period ; 
about  10  feet  in  diameter  and  30  feet  or  40  feet  long. 

No  serious  accident  ever  happened  to  this  boiler  because  the 
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engineer  knewit  was  weak  and  watched  it  carefully  ;  never  taxing 
it  beyond  its  strength  ;  never  taking  any  chances  about  his  water. 

In  Philadelphia  there  are  over  10,000  boilers  in  daily  use.  The 
boiler  inspection  laws  there  are  very  severe,  and  boiler  manufac- 
turers want  to  put  on  a  little  extra  price  for  goods  intended  for 
this  market.  Since  the  boiler  explosion  at  Wilt  &  Sons  planing 
mill,  on  Front  Street,  Philadelphia,  when  four  men  were  killed 
(June  27,  1S79),  I  recall  but  two  destrnctive  explosions  of  boilers 
in  the  city  of  Philadelphia,  where  loss  of  lite  occurred,  and  both 
of  these  were  boilera  of  first-class  construction.  One  occurred  at 
the  Edison  Electric  Light  Station,  and  caused  much  litigation ; 
the  other  at  the  Baldwin  Locomotive  Worka.  both  resulting  in  a 
loss  of  life.  These  were  what  might  be  called  strong  and  safe 
boilers,  which  would  probably  comply  with  ail  the  different  formn- 
lie  given  in  this  paper,  and  perhaps  with  what  new  formulie  our 
proposed  committee  may  formulate. 

I  know  of  many  explosions  in  other  cities,  and  generally  they 
occur  in  strong,  well-designed,  but  sadly  neglected  boilers.  From 
these  experiences,  I  am  of  the  opinion  that  care  of  the  boiler  is 
as  necessary  a  requisite  for  safety  as  strength,  and  that  our  com- 
mittee, if  we  appoint  a  committee,  be  advised  to  study  well  Dr. 
Holmes'  specifications  of  the  "One  Hoss  Shay,"  and  give  us  an 
admonition  to  have  the  "  Deacon  "  always  in  charge  of  our 
boilers. 

3f/-.  D.  W.  Rohb. — I  wish  to  second  this  motion  which  has 
been  made,  and  in  connection  therewith  I  would  say  that  I  think 
this  subject  is  of  very  great  importance,  well  worthy  of  being 
taken  up  by  the  Society,  and  well  worthy,  if  possible  to  obtain 
it,  of  an  international  commission.  I  think  that  engineers  all 
over  the  world,  particularly  where  they  are  interested  in  marine 
boiler  work,  should  see  the  importance  of  this.  I  have  had 
experience  under  the  Canadian  rules,  which  are  similar  to  the 
Board  of  Trade  rules,  and  while  these  are  fairly  satisfactory, 
there  is  more  or  less  trouble  because  the  rules  are  not  sufGciently 
complete  and  not  always  consistent,  and,  as  a  matter  of  fact,  it  is 
not  safe  to  nndertake  the  construction  of  marine  boilers  without 
making  special  plans  in  almost  every  case,  which  have  to  be  sub- 
mitted to  the  local  inspector,  and  in  many  cases  to  the  depart- 
ment at  Ottawa.  This,  of  course,  causes  a  great  deal  of  delay; 
material  cannot  be  ordered,  and  customers  are  kept  waiting  until 
all  the  details  are  settled. 
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In  regard  to  the  general  question,  it  seems  to  me  that  it 
should  be,  as  Mr.  Parsons  stated,  possible  to  formulate  rules 
which  would  apply  to  the  construction  of  the  usual  forms  of  boil- 
ers. But  the  effects  produced  by  the  destructive  elements,  heat, 
pressure,  and  corrosion,  are  very  intricate,  very  troublesome,  and 
very  hard  to  protect  against,  and  for  that  reason  we  find  these 
variant  rules  and  variant  factors  of  safety.  As  some  one  a  long 
time  ago  expressed  it,  "  the  factor  of  ignorance  *'  is  very  promi- 
nent But  it  seems  to  me  that  it  should  be  possible  to  formulate 
rules  which  would  be  fairly  satisfactory,  and  make  a  great  saving 
to  the  customer  as  well  as  to  the  manufacturer,  and  that  the  fac- 
tor of  ignorance  could  be  at  least  agreed  upon. 

A  point  which  has  been  touched  on  by  one  gentleman  here,  I 
think,  is  of  the  very  greatest  importance,  and  perhaps  the  vital 
point  of  the  whole  thing,  and  that  is  inspection  during  construc- 
tion. You  may  have  your  materials  all  right,  and  your  rules  all 
right,  or  as  near  right  as  possible,  but  the  boiler  may  be  entirely 
spoiled  during  construction,  and  I  think  that  this  question  of  in- 
spection is  harder  to  deal  with  and  requires  closer  attention  than 
any  other  point ;  it  is  something  which  perhaps  can  only  be  dealt 
with  by  the  government  of  the  country.  Although  it  may  be 
difficult  to  get  the  various  governments,  insurance  companies,  and 
other  bodies  to  adopt  anything  uniform,  it  seems  to  me  worth  try- 
ing for,  and  that  it  is  a  good  object  for  the  Society.  I,  therefore, 
second  the  motion. 

Mr.  Parson^.* — In  presenting  the  paper,  the  author  endeavored 
to  lay  facts  before  the  Society,  without  any  expression  on  his  part 
either  j[>ro  or  con^  as  to  the  question  whether  it  would  be  wise  or 
not  to  appoint  a  committee  to  draft  a  set  of  rules  for  calculating 
the  strength  of  boilers.  The  author  makes  the  suggestion,  if  it  is 
deemed  wise  to  appoint  a  committee,  that  an  effort  be  made  so  to 
form  the  committee  that  it  shall  contain  as  members  representa- 
tives of  the  important  regulations,  in  order  that  the  rules  as 
determined  upon  may  have  a  universal  standing.  Such  rules 
could  be  amended  to  keep  pace  with  inventions  and  improve* 
ments  in  the  same  manner  as  they  were  formed. 

*  Author's  closure,  under  the  Rules. 
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Mo.  §74.* 

A   NEW  RECORDING  AIR  PYROMETER. 

BT  WILLIAM  H.  BRISTOL,  HOBOKEN,  K.  J. 

(Member  of  the  Society.) 

The  instrument  herein  described  has  been  designed  to  meet 
a  demand  for  a  pyrometer  to  measure  temperatures  of  high 
ranges,  and  to  give  continuous  records  of  changes  of  such  tem- 
peratures on  a  moving  chart ;  also  to  produce  an  instrument 
which  woidd  be  self-compensating  for  barometric  and  thermo- 
metric  changes  of  the  atmosphere  without  introducing  delicate 
mechanism  which  would  tend  to  inaccuracy  and  to  preclude 
its  use  for  commercial  purposes. 

The  diagram  (Fig.  80)  shows  the  arrangement  of  the  parts  of  the 
pyrometer,  which  consist  simply  of  a  porcelain  bulb  connected 
by  a  capillary  tube  to  a  recording  pressure  gauge.  The  stem 
of  the  porcelain  bulb  is  made  of  sufficient  length  to  pass  through 
the  furnace  wall.  The  capillary  connecting  tube  is  made  of 
seamless  copper.  The  recording  pressure  gauge  employed  is 
constructed  on  the  same  plan  as  those  previously  described.t 
By  reference  to  the  description  it  will  be  found  that  each  pres- 
sure tube  or  spring  is  constructed  on  the  Bourdon  principle, 
and  consists  of  a  tube  of  closely  flattened  cross-section  formed 
into  a  helix  of  two  complete  turns. 

Two  of  these  pressure  tubes  or  springs  are  employed  in  the 
recorder — one  of  these,  the  indicating  tube  or  spring,  being  con- 
nected to  the  air  bulb  by  the  capillary  tube,  and  adapted  to  be 
tamed  axially  by  the  variations  of  pressure  due  to  changes  of 
the  temperature  to  be  measured ;  the  other,  a  compensating 
spring,  is  mechanically  attached  to  the  free  end  of  the  indicat- 
ing tube  or  spring. 

The  compensating  spring  is  adapted  to  be  turned  axially  by 

*  Presented  at  the  New  York  meeting,  December,  1900,  of  the  American 
Society  of  MechaDical  Engineers,  and  forming  part  of  Volume  XXII.  of  tbe 
TranMCtUmi. 

t  Trans.  A.  S.  M.  E.,  page  225,  paper  No.  368. 
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variatioDS  of  atmospheric  pressure  and  temperatare  in  a  direc- 
tion opposite  to  the  motion  of  tlie  first  or  indicating  spring 
nnder  the  same  infinences. 

Fig.  31  shows  an  interior  view  of  the  recording  portion  of  the 
instrument.  The  compensating  and  pressare  tnbes  are  lettered 
respectively  A  and  B.  These  tnbes  are  made  of  equal  strength, 
hence  external  or  internal  pressure  will  produce  the  same  angu- 
lar movement  in  each. 

The  air  bulb,  oapillarj  connecting  tube,  and  indicating  spring 


are  almost  exhausted  of  air,  so  that  when  the  air  bulb  is  cold,  it 
is  subjected  on  the  exterior  to  nearly  atmospheric  pressure;  bnt 
when  the  bulb  is  exposed  to  high  temperatures,  the  remaining 
inclosed  air  is  expanded  so  as  to  practically  balance  the  exter- 
nal pressure,  and  the  bulb  is  relieved  of  strains  which  wonld, 
in  its  weakened  condition,  tend  to  injure  it. 

Fig.  32  shows  the  indicating  and  compensating  sprii^  of 
the  recorder  on  an  enlarged  scale.  0  is  the  bracket  to  which 
one  end  of  the  indicating  spring  H  is  seonred ;  D  represents  a 
portion  of  the  capillary  connecting  tube  where  it  enters  the 
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stationary  end  of  the  indicating  spring.  The  compensatiug 
spring  A  is  helically  formed  in  the  same  direction  as  the  indi- 
cating spring,  V>ut  of  a  larger  diameter,  so  that  it  may  lie  placed 
outside  of  and  concentric  with  the  indicating  spring,  as  shown, 
and  is  mechanically  attached  at  A',  there  b  ing  no  opening  or 
connection  between  the  interiors  of  the  two  springs.     At  the 


FtG.  al. 

free  end  of  the  compensating  spring  a  bracket  F  is  soldered, 
making  a  rigid  connection  to  a  shaft  through  the  centre  of  the 
springs.  At  the  front  end  of  the  shaft  the  recording  arm  G  is 
rigidly  secured. 

To  illustrate  the  operation  of  the  compensating  spring,  as- 
sume that  the  air  has  been  partially  exhausted  from  it,  aud  that 
the  barometer  rises.  Under  sncb  a  condition  the  indicating 
spring  would  turn  to  the  left  (Fig.  32'l  if  the  compensating  spring 
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was  not  present — that  is,  in  direction  of  arrow  1;  bat  the  compen- 
sating spring  A  being  present,  and  tending  to  turn  to  tbe  right, 
as  indicated  by  arrow  2,  through  tbe  same  angle,  the  effect  ol 
changes  in  atmospheric  pressure  is  neutralized,  and  the  posi- 
tion of  the  recording  arm  is  unaffected  by  the  rise  of  atmos- 
pheric pressure.  For  the  same  reasons  there  would  be  no 
movement  of  the  recording  arm  when  there  is  a  fall  in  atmos- 
pheric pressure. 

If  the  air  is  not  entirely  exhausted  from  the  compensating 
spring,  it  will  also  compensate  for  thermometric  changes  in  the 
same  manner,  the  indicating  spring  tending  to  turn  in  the  direc- 
tion of  arrow  1  when  the  temperature  iaXla,  and  in  the  direc- 


tion of  arrow  2  when  it  rises  ;  while  the  compensating  tube  will 
be  turned  in  opposite  directions  equal  amounts  under  the  same 
influences.  By  leaving  the  proper  amount  of  air  in  the  com- 
pensating spring  the  compensation  may  be  made  perfect  for  any 
change  of  atmospheric  temperature,  provided  the  air  bulb  is  at 
a  given  temperature.  The  error  for  small  variations  from  the 
average  temperature  to  be  measured  will  be  so  small  that  it 
may  be  neglected.  As  the  tubes  are  turned  in  opposite  direc- 
tions by  barometric  and  thermometric  changes  it  is  evident  that 
there  wiU  be  no  movement  of  the  recording  arm  unless  due 
to  changes  of  pressure  communicated  to  the  indicating  spring 
through  the  capillary  tube  from  the  air  bulb  exposed  to  the 
temperature  to  be  measured. 

The  helically  formed  pressure  springs  are  particularly  well 
adapted  for  use  in  this  instrument  on  account  of  the  small 
internal  space,  which,  together  with  that  of  the  capillary  con- 
necting tube,  forms  a  small  volume  in  comparison  with  that  of 
the  air  bulb. 
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Thus  far,  special  attention  has  been  given  to  working  out  the 
mechanical  features  of  the  instrument,  and  to  determine  experi- 
mentally on  the  most  practical  form  of  the  porcelain  air  bulb, 
and  how  these  bulbs  may  be  applied  to  continuously  record 
high  temperatures.  As  the  volume  of  air  space  outside  of  that 
exposed  to  the  temperature  to  be  measured  is  very  small,  and 
as  there  are  no  corrections  or  computations  necessary  for  bar- 
ometric or  thermometric  changes,  it  will  be  a  simple  matter  to 
calibrate  the  instrument  according  to  the  theory  of  the  air  ther- 
mometer, which  is  a  recognized  standard  for  measuring  tempera- 
tures. The  instrument  here  exhibited  has  been  calibrated  by 
comparison  with  a  standard  from  32  degrees  up  to  600  degrees 
Fahr.,  and  by  the  melting  points  of  aluminum  and  copper  for 
the  scale  up  to  2,000  degrees  Fahr. 

This  instrument  is  the  joint  invention  of  E.  H.  Bristol  and 
the  author. 

DISCUSSION. 

[Note  bt  the  Sboretary. — The  author  presented  this  paper  by  illustrating 
the  instrument's  construction  and  action  for  the  purposes  for  which  it  was  in- 
tended. Questions  were  asked  him  as  to  its  features  by  individual  members 
covering  the  following  points  :] 

Mr,  A,  A.  Gary. — I  would  ask,  as  to  the  provisions  for  trans- 
porting the  instrument  and  as  to  its  practicability  for  use  in 
boiler  testing,  where  it  woald  have  to  be  carried  from  one  plant 
to  another?  May  we  be  told  also  as  to  the  allowance  for  friction 
of  the  recording  pen  on  the  paper? 

Mr.  Henning. — I  want  to  ask  concerning  the  accuracy  with 
which  scales  could  be  read  with  temperatures  runnipg  above 
2,000,  and  how  the  scale  is  graduated? 

Mr,  Kent — Can  the  author  speak  as  to  its  availability  in  boiler 
testing  when  furnace  temperatures  might  ran  up  to  3,000  ? 

A  member  inquired  whether  the  bulb  would  stand  plunging 
into  molten  metal  and  why  platinum  could  not  be  used  instead  of 
porcelain. 

Mr.  D.  J.  LewU. — I  would  ask  as  to  the  effect  when  the  con- 
necting tube  might  have  to  pass  through  different  temperatures,  as, 
for  instance,  to  a  warm  room  from  a  cold  condition  out  of  doors  ? 

Mr.  Hennhig. — In  Europe  porcelain  tubes  have  been  used  for 
some  considerable  time,  and  when  they  remain  continually  in  the 
furnaces  they  give  perfect  satisfaction.     I  do  not  know  whether 
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they  have  been  used  for  instruments  which  are  to  be  carried 
round,  because  the  china  becomes  brittle  after  an  exposure  to 
high  temperature  for  long  periods. 

Mr.  0.  C,  WooUon, — I  do  not  want  to  discourage  Mr.  Bristol, 
but  the  temperatures  about  which  we  are  particularly  interested 
run  over  2,700  or  3,000  degrees.  It  takes  from  2,000  d^rees  to 
2,300  degrees  Fahr.  to  melt  cast-iron,  and  steel  somewhat  higher, 
and  I  should  assume  that  a  pyrometer  to  record  at  2,300  degrees 
would  be  more  accurate  if  able  to  run  to  2,600  or  more  degrees. 
Now  you  take  the  matter  of  boiler-flue  temperatures,  and  you  can 
get  it  pretty  accurately  in  the  uptake,  as  the  gases  go  into  the 
stack,  with  simple  instruments ;  and  then  we  must  guess  at  a 
quarter,  and  multiply  by  four,  for  temperatures  in  other  passages, 
because  of  the  lack  of  a  convenient  and  practical  pyrometer  to 
get  into  such  places  with  a  much  higher  temperature,  without 
setting  up  a  laboratory  at  great  expense.  We  want  to  get  in  the 
front  end  of  the  boiler,  and  right  over  the  furnace. 

Mr.  Bristol. — I  hope  that  I  shall  be  able  to  succeed. 

Mr.  Trum'p. — I  would  say  we  have  made  some  experiments 
with  porcelain  tubes  in  taking  temperatures  in  furnaces  up  to 
2,000  degrees  C.  similar  to  those  made  in  Germany,  and  ap- 
parently they  stood  the  work  perfectly,  except  that  after  being  in 
such  a  high  temperature  they  were  very  friable  and  apt  to  break. 
The  glazing  stood  all  right.  We  have  also  used,  I  think,  one  of 
Mr.  Bristol's  thermometers  of  this  same  kind — perhaps  it  had 
not  the  compensating  feature — and  used  it  for  a  recording  ther- 
mometer in  experiments  in  the  burning  of  lime  where  we  intro- 
duced it  directly  into  the  lime  chamber,  and  it  stood  all  right, 
and  did  its  work  for  a  long  period  of  time,  giving  very  good  re- 
sults. We  are  also  using  the  same  Bristol  thermometer  in  re- 
cording the  temperature  of  boilers  before  and  after  economizers. 
That  of  course  is  rather  a  lower  temperature;  but  we  have  tested 
it  alongside  of  the  regular  nitrogen  thermometers,  and  have  had 
no  trouble  with  it  at  all.  It  gives  a  very  legible  record  and  is  a 
very  practical  instrument.  We  like  it  very  much  indeed,  because 
it  is  portable  and  is  comparatively  inexpensive.  The  great 
trouble  with  the  Chatellier  thermometers  and  thermometers  of 
that  character  is  that  they  are  very  difficult  things  to  keep  in  ad- 
justment. They  are  not  at  all  simple.  The  electric  measurement 
is  difficult  to  correct,  and  a  simple  form  of  thermometer  of  this 
kind  is  very  much  needed  in  our  work. 
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Mr.  F.  W.  Dean. — How  is  the  pyrometer  to  be  supported  in  a 
f arnace  ? 

Mr.  Geo.  JV.  CinriLy. — What  is  the  length  of  tube  which  it  is 
desirable  to  expose  to  heat  ? 

Prof.  Oaetano  Lanza. — ^What  are  the  usual  precautions  to  get 
the  air  dry  ? 

Mr.  Wm.  H.  Bristol.* — Replying  to  the  various  questions  which 
have  been  asked,  I  would  answer  as  follows : 

To  Mr.  Gary's  question  as  to  provisions  for  transportation  of 
the  instrument,  and  as  to  its  practicability  for  use  in  boiler  test- 
ing, I  would  say  that  thus  far  none  of  the  completed  instruments 
have  been  packed  and  shipped,  but  as  the  porcelain  bulbs  are 
imported  from  Germany,  and  I  have  received  quite  a  number 
which  have  arrived  in  perfect  condition,  I  see  no  reason  why,  if 
proper  precautions  are  taken  in  packing,  that  the  completed 
instrument  could  not  be  successfully  shipped  by  the  usual 
methods. 

Answering  question  as  to  allowance  for  friction  of  recording 
pen  on  paper,  I  would  state  that  no  allowance  is  necessary,  as 
there  is  none.  Capillary  attraction  would  alone  be  sufficient  to 
make  an  ink  record  without  having  the  pen  point  actually  in  con- 
tact with  the  chart,  but  in  practice  the  pen  is  arranged  to  touch 
the  paper  very  lightly.  The  slight  friction  produced  gives  an 
even  record  and  keeps  the  pen  arm  from  being  affected  by  ex- 
ternal vibrations. 

As  to  the  accuracy  to  which  a  scale  reading  of  over  2,000  de- 
grees could  be  read,  I  would  say  that  charts  are  made  of  8-inch 
and  12-inch  diameter.  On  the  8-inch  chart  the  movement  of  the 
pen  arm  for  2,000  degrees  is  about  2^  inches,  and  on  12-inch  chart 
it  is  about  4  inches.  On  the  large  chart  a  variation  of  10  degrees 
Fahr.  would  probably  be  readable. 

The  scale  on  the  model  exhibited  was  graduated  by  compari- 
sons with  a  standard  glass  gas-filled  thermometer  for  tempera- 
tures between  100  degrees  and  600  degrees  Fahr.,  the  bulbs  of 
both  the  standard  and  the  recording  being  simultaneously  im- 
mersed in  oil.  For  the  upper  portion  of  the  scale  the  position 
of  the  pen  was  marked  for  the  melting  point  of  copper  (1,930 
degrees  Fahr.)  in  a  furnace  which  was  uniformly  heated.  The 
other  portions  of  the  scale  were  then  interpolated,  accuracy  being 


*  Author's  closure,  under  the  Rules. 
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insured  by  the  fact  that  air  expands  at  a  uniform  ratio  for  equal 
increments  of  temperature. 

In  reply  to  Mr.  Kent,  regarding  application  of  these  instru- 
ments for  furnaces  running  up  to  3,000  degrees  Fahr.,  would  say 
that  up  to  the  present  time  I  have  only  tested  and  had  them  in 
actual  operation  in  furnaces  running  up  to  2,000  or  2,200  degrees 
Fahr.  Until  I  have  had  time  to  make  experiments  for  these 
higher  temperatures,  I  am  not  prepared  to  say  whether  the  por- 
celain bulbs  will  successfully  stand.  Judging  from  Mr.  Henning's 
observation  that  porcelain  bulbs  are  used  abroad  to  2,750  or  2,800 
degrees  Fahr.,  it  seems  quite  possible  that  they  will  stand  3,000 
degrees  Fahr. 

Replying  to  inquiry  why  platinum  could  not  be  used,  would 
answer  that  it  is  too  costly,  and  when  heated  it  absorbs  and  gives 
off  gases.  As  to  the  possibility  of  plunging  the  bulb  of  this  instru- 
ment into  molten  metal,  as  brass  or  copper,  would  reply  that  on 
account  of  the  brittleness  of  porcelain  I  do  not  consider  it  prac- 
ticable. It  is  expected  that  for  such  purposes  the  porcelain  bulb 
may  be  replaced  by  a  metallic  one  having  a  higher  fusion  point 
than  the  molten  metal  of  which  it  is  desired  to  measure  the  tem- 
perature. 

Beplying  to  Mr.  Lewis's  question,  as  to  the  effect  of  different 
temperatures  on  the  connecting  tube,  I  would  say  that  such  dif- 
erences  of  temperature  have  no  effect  upon  the  record,  as  the 
capillary  connecting  tube  is  only  ^h  ii^ch  internal  diameter,  and 
as  the  compensating  spring  corrects  for  changes  of  temperature 
outside  of  the  furnace. 

In  reply  to  Mr.  Dean,  as  to  the  manner  of  supporting  pyrometers 
in  the  furnace,  I  would  say  that  the  porcelain  bulbs  are  made  of  a 
cross-section  as  indicated  in  Fig.  30.  The  air  space  is  about  8 
inches  long  and  1  inch  diameter.  The  external  diameter  of  bulb 
and  stem  is  about  If  inches.  The  total  length  of  bulb  and  stem 
is  about  34  inches,  making  it  possible  to  pass  the  stem  of  the 
bulb  through  an  opening  in  the  side  of  the  furnace,  supporting  it 
Dear  the  cool  end  of  the  stem.  It  is  only  necessary  to  apply  the 
heat  to  the  full  length  of  the  air  space  of  the  bulb. 

Answering  Professor  Lanza  in  regard  to  drying  the  air,  I  would 
say  that  the  instrument  is  put  together  completely,  and  an  open- 
ing is  left  at  the  recorder  end,  while  the  porcelain  bulb  is  exposed 
to  the  full  temperature  of  furnace.  This  expands  and  drives  out 
the  surplus  of  air,  leaving  only  thoroughly  dried  air  in  the  bulb. 
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The  opening  is  closed  while  the  bulb  is  still  exposed  to  full 
heat.  As  an  extra  precaution,  the  bulb  and  connecting  tube  are 
sometimes  washed  out  with  nitrogen,  which  would  have  no  detri- 
mental influence  on  the  metallic  portions  of  the  instrument.  I 
hope  to  be  able  at  some  future  time  to  present  results  of  further 
experiments  with  this  instrument,  especially  as  regards  its  appli- 
cability to  temperatures  over  2,000  degrees  Fahr. 
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EFFICIENCY  OF  A    OAS  ENGINE  AS  MODIFIED 

BY  POINT  OF  IGNITION 

BY  C.   V.  K£IIK,   CHICAGO,   ILX.. 

(Member  of  the  Society.) 

In  the  gas-engine  laboratory  of  the  Armour  Institute  of 
Technology  there  is  installed  for  experimental  purposes  a  four- 
cycle single-cylinder  gas  engine,  built  by  the  Fairbanks-Morse 
Company,  and  rated  at  7  brake  horse-power.  The  cylinder  is 
6^  inches  in  diameter,  the  piston  stroke  12  inches,  the  clear- 
ance about  35  per  cent.,  and  the  normal  speed  240  reyolutions 
per  minute.  The  engine  is  controlled  by  a  centrifugal  governor 
acting  on  the  hit-and-miss  principle.  The  ordinary  poppet 
valve  is  used,  and  both  the  hot  tube  and  the  electric  igniter  are 
available. 

The  brake  horse-power  developed  is  measured  by  a  form  of 
rope  brake  consisting  of  narrow  wooden  cleats  stapled  to  a  thin 
wire  tiller  rope,  supported  by  a  stand  resting  on  platform 
scales.  The  brake  pulley  is  water  cooled.  The  power  developed 
in  the  cylinder  is  measured  by  a  special  gas-engine  indicator, 
actuated  by  a  pantograph  reducing  motion.  The  number  of 
explosions  is  recorded  by  a  box  counter,  operated  by  the  gas- 
inlet  valve  rod,  which  secures  a  count  of  the  admissions  of  gas. 
The  engine  speed  is  obtained  either  by  speed  counter  or  tacho- 
meter. 

The  quantity  of  gas  used  is  measured  by  a  wet-test  gas  meter, 
readable  to  0.002  cubic  foot.  The  heating  power  is  determined 
by  combustion  in  the  Junker  calorimeter.  When  the  hot-tube 
igniter  is  in  service,  the  meter  for  the  calorimeter  is  used  on  the 
hot-tube  connection,  so  that  the  amount  of  gas  going  to  the 
cylinder  may  be  known.     A  larger  meter  of  the  ordinary  type 


*  Presented  at  the  New  York  meeting  (December,  1900)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the 
Transactions. 
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serres  to  determine  the  proportions  of  air  and  gas  actually 
used.  The  air  was  at  first  drawn  through  this  meter,  but  later 
a  blower  was  installed  to  force  it  through  and  deliver  it  to  the 
engine  at  more  nearly  ordinary  pressure. 

During  the  spring  of  1897,  N.  M.  Loney  and  J.  J.  Wheeler 
made  a  series  of  tests  with  this  plant  to  determine  the  heat  effi- 
ciency of  the  engine  from  no  load  to  full  load.  The  mixture 
used  was  6.6  cubic  feet  of  air  with  1  cubic  foot  of  natural  gas. 
The  heating  power  of  the  gas,  as  determined  on  different  days 
during  the  tests,  varied  from  811  to  867  British  thermal  units. 
The  jacket  water  was  kept  at  about  160  degrees  Fahr.  The  hot- 
tube  igniter  was  used,  as  the  earlier  form  of  electric  igniter  run 
by  y&  battery  was  found  unreliable.    The  usual  form  of  indicator 
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Fig.  38.*GABDe  from  7  B.H.P.  Gas  Engine,  showing  Effect  of  Hot-tube 

Temperature. 

card  secured  is  shown  by  card  B  in  Fig.  33.  The  indicated  horse- 
power ranged  from  3.8  to  11.  The  compression  pressure  was 
about  60  pounds,  and  the  explosion  pressure  about  240  pounds. 
The  heat  efficiency,  as  fixed  by  the  ratio  of  the  heat  equiva- 
lent of  work  done  in  the  cylinder  to  the  heating  power  of 
the  gaSy  was  nearly  constant  throughout  the  range  of  load  at 
22  per  cent 

The  group  of  cards  shown  in  Fig.  33  was  obtained  from  the 
engine  when,  so  far  as  known,  all  variables,  except  the  tempera- 
ture of  the  hot  tube,  were  kept  constant.  Card  A  has  much  to 
favor  it  from  the  thermodynamic  standpoint.  There  is  the  de- 
sired high  initial  temperature,  with  apparently  complete  com- 
bustion, and  the  low  terminal  pressure  following  expansion. 
But  the  mean  effective  pressure  as  noted  is  not  so  great  as  in 
card  B.    The  conclusion  from  this  was  verified  by  a  test  which 
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showed  a  lower  heat  efficiency.    Card  C  has  a  higher  mean 
effective  pressure  and  is  easier  on  the  engine  than  card  A, 

In  the  upper  part  of  Fig.  34  is  shown  a  pair  of  cards  from  a 
70  horse-power  steam  engine  running  at  264  revolutions  per 
minute.  There  is  a  difference  of  1.9  horse-power  between  head 
and  crank  end  cards.  Taking  the  various  inertia  forces  into 
account,  the  resulting  crank  effort  curves  are  shown  in  the 
lower  part  of  the  figure.  There  is  now  a  difference  of  6.0  horse- 
power between  the  out  and  in  strokes,  while  the  total  power  is 


Fig.  84.— Crank   Effort   Curves,    showing  Effect  of  Angulabitt  of 

Connecting  Rod. 


essentially  the  same.  The  reason  for  this  effect  seems  to  be 
due  to  the  angularity  of  the  connecting  rod,  which  puts 
the  maximum  component  of  the  thrust  along  the  rod  into 
tangential  effort  on  the  crank  during  the  first  half  of  the  out 
stroke  and  during  the  second  half  of  the  in  stroke.  In  the 
single-acting  gas-engine  cylinder,  where  the  work  is  done  on  the 
out  stroke  and  the  charge  compressed  on  the  in  stroke,  this  is 
a  decided  mechanical  advantage.  Moreover,  the  times  of 
greatest  piston  velocity  coincide  with  the  times  of  greatest 
thrust.  Heat  is  constantly  passing  through  the  cylinder  walls 
into  the  jacket  water.  It  is  consequently  important  that  the 
heat  energy  of  the  gas  shall  be  developed  at  the  time  when  the 
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piston  is  moving  most  rapidly  and  the  tangential  effort  at  the 
crank  is  greateat.  In  developing  brake  horse-power,  it  may  be 
that  card  f 'of  Fig,  33  will  do  better  than  card  B,  besides  being 
easier  on  the  engine. 

The  difficnlty  of  securing  and  maintaining  a  temperature  of 
hot  tube  giving  a  desired  card  led  to  fitting  the  engine,  in  the 
early  part  of  the  present  year,  with  a  mechanically  operated 
electric  igniter.  This  igniter  is  operated  from  an  inclined  cam 
on  the  large  gear,  from  which  motion  is  conveyed  to  a  spring 
catch  attached  to  an  oscillating  electrode.  Platinum  points  are 
provided  on  the  movable  as  well  as  on  the  insulated  electrode, 
BO  that  corrosion  does  not  quickly  affect  the  sparking  points. 
As  the  igniter  is  mechanically  operated,  the  time  of  separating 
the  points  is  fixed  for  a  given  set  of  conditions,  and  the  charge 
in  the  cylinder  is  always  ignited  at  a  desired  piston  position. 

This  device  was  so  made  that  it  can  be  adjusted  to  produce  a 
spark  in  the  cylinder  at  every  second  revolution  for  any  piston 
position  between  4^  inches  before  the  end  of  the  stroke  and  an 
equal  distance  after  it.  The  adjustment  can  be  made  while  the 
engine  is  running  within  limits  set  by  the  load  carried.  This 
enables  the  use  of  very  early  ignition  after  the  engine  reaches 
its  normal  speed. 

A  series  of  tests  was  therefore  arranged  to  ascertain  this 
point  of  ignition  which  would  give  the  maximum  heat  efficiency 
for  a  given  load  with  all  variables,  except  point  of  ignition,  con- 
stant. The  programme  of  tests  was  carried  out  by  L.  C.  Bradley, 
C  A,  GarceloQ,  and  C.  S.  Longnecker  during  the  spring  term  of 
the  present  year. 

A  few  preliminary  runs  settled  the  position  of  the  gaa  valve 
for  best  air  mixture  at  point  marked  3;  the  temperature  of 
jacket  water  at  170  degrees  Fahr.;  and  tlie  loads  to  be  carried,  0, 
2.5,  6.0  brake  horse-power.  For  each  load  the  point  of  ignition 
was  made  as  early  and  as  late  as  the  engine  would  maintain 
speed.  The  igniter  was  set  to  pass  a  spark  at  a  certain  piston 
position,  and  au  hour's  run  was  made  with  indicator  cards, 
readings  of  gas  meter  and  explosion  counter  taken  at  frequent 
intervals.  The  sparking  current  (or  the  igniter  was  taken  from 
a  llO-volt  main.  Six  lamps  were  used  in  parallel  to  give  suffi- 
cient current,  and  a  spark  coil  to  increase  the  spark.  This  ar- 
rangement proved  entirely  reliable,  and  the  lamps  gave  visible 
evidence  of  the  working  of  the  igniter. 
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The  load  to  be  carried  by  the  Prony  brake  was  estimated  for 
the  standard  speed,  and  the  scale  be.im  was  maintained  in 
even  balance  throughout  the  runs.  The  water  used  to  absorb 
the  heat  developed  at  the  brake  was  allowed  to  boil  away  from 
the  inner  surface  of  the  pulley  at  atmospheric  pressure. 

About  noon  of  each  day,  while  running  the  engine,  the  Junker 
calorimeter  was  used  to  ascertain  the  heating  power  of  the  gas. 
Usually  five  tests  were  made,  and  the  average  taken  as  the 
calorific  power  of  the  gas  for  that  day.  The  range  of  values 
obtained  at  each  series  of  tests  was  always  small,  but  there  was 
considerable  variation  in  average  values  from  day  to  day. 

The  indicator  dis^ams  of  Figs.  35-43  were  taken  at  friction 
load,  while  the  point  of  ignition  was  changed  from  4^$  inches 
before  the  end  of  the  compression  stroke  to  2  inches  after  the 
beginning  of  the  expansion  stroke.  The  heat  efficiency  is 
greatest  for  ignition  at  (+  ^),  as  shown  by  Fig.  38,  while  the 
explosion  pressure  is  greatest  for  still  earlier  ignition,  as 
shown  bv  Fig.  37.  The  terminal  compression  pressures  vary 
from  55  to  65  pounds,  and  the  pressure  at  release  from  29  to  54 
pounds. 

For  a  brake  load  of  2.5  horse-power  the  greatest  efficiency  is 
found  agaiD  with  ignition  at  (+  i),  while  the  maximum  explo- 
sion pressure  is  found  still  earlier  at  ( +  2^).  The  general  fea- 
tures of  the  diagrams  remain  the  same  as  at  the  friction  load. 
With  a  brake  load  of  5.0  horse-power,  the  maximum  efficiency 
is  found  with  ignition  at  the  dead  point ;  but  the  highest  explo- 
sion pressure  is  for  ignition  at  ( +  2 J),  and  the  maximum  pres- 
sure is  not  located.  A  wider  range  of  ignition  could  not  be 
secured  with  this  brake  load,  and  a  series  of  runs  with  higher 
brake  load  was  not  attempted. 

One  curious  result  is  brought  out  by  the  curves  of  indicated 
horse-power.  The  mechanical  efficiency  of  the  engine  tends  to 
increase  slightly  as  the  ignition  occurs  later.  Probably  not  so 
much  energy  is  spent  in  friction  at  the  main  bearings.  So  &r 
as  the  heat  efficiences  at  brake  and  in  cvlinder  are  concerned,  it 
is  evident  that  ignition  should  never  be  later  than  at  the  dead 
point. 

The  time  of  the  explosion,  as  measured  by  the  interval  be- 
tween ignition  and  maximum  pressure,  is  unexpectedly  constant 
at  0.03  seconds  for  ignition  before  the  dead  point.  For  later 
ignition  there   is  a  decided  tendency  to  increase  the  time  of 
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combustion.  This  fact  may  explain  why  the  heat  efficiency 
drops  off  with  the  earlier  ignitions,  even  though  the  explosion 
pressure  is  higher.  The  time  of  combustion  being  constant,  the 
higher  the  pressure  and  temperature  reached  the  larger  the 
proportion  of  heat  transmitted  to  the  jacket  water. 

Such  conclusions  apply  strictly  only  to  the  gas  engine  of  the 
size  and  make  under  test,  with  certain  conditions  constant. 
With  different  proportions  of  gas  and  air,  with  another  kind  of 
gas,  or  with  a  less  positive  sparking  device,  quite  different  re- 
sults might  possibly  be  reached.  But  in  this  case  the  conditions 
were  so  chosen  that  the  results  were  expected  to  show  the  best 
performance  of  the  engine. 

First  Sebies — Friction  Load. 
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Fig.  85.— Ignition,  +  4i|". 
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Fig.  86.— Ignition,  +  ^. 
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Fig.  87.— Ignition,  +  IJ. 
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Fig.  38.— Ignition,  +  4. 
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Fig.  89.— Ignition,  ±  0. 
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Fio.  40.— Ignition,  —  i. 
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Pig.  41.— Ignition,  —  1. 
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Fig.  43.— Ignition,  —  If 
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Fig.  43.— Ignition,  —  2. 


Second  Series— B.H. P.,  2.5. 


286^ 


CV.Kerr 


Fig.  44.— Ignition,  +  4^. 
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Fio.  4o.— Ignition,  +  24. 
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Fig.  46.— Ignition,  +  li. 
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Fig.  47.— Ignition,  +  i. 
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FlO.  48.— ICtNITION,  ±  0. 
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Fio.  49.— losmoH,  —  i. 
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Fig.  50.— Ignition,  —  1. 
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Fio.  51.— Ignition,  -  U. 


160 


SFncIENOT  OF  A  OA8  XNOINS. 


CV.Kerr 


803' 


C.V.Kerr 


Fig.  4o.— Ignition,  +  2f 


Fig.  46.— Ignition,  +  1^. 
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Fig.  47.— Ignition,  +  i. 
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Fig.  40. — ^Ignition,  —  ^. 
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Fig.  41.— Ignition,  —  1. 
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Fig.  42.— Ignition,  —  If 
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Fig.  43.— Ignition,  —  2. 


Second  Series- B.H.P.,  2.5. 
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PlO.   44.— lOHITION,  +  4j. 
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Fio.  45.— Ignition,  +  2f 
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Fig.  46.— Ignition,  +  li. 
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Fig.  47.— Ignition,  +  i. 
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Fig.  48.— Ionition,  ±  0. 
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Fig.  49.— Ignition,  —  i. 
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Fig.  50.— Ignition,  —  1. 
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Fig.  51.— Ignition,  -  li. 
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Third  Series— B.H. P.,  5.0. 
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Fia.  52.— Ignition,  +  21. 
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Fig.  53.— Ignition,  +  IJ. 
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FlO.   54.— lONITIOH,  +  1. 
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Fig.  55.— Ignition,  ±  0. 


Fig.  56.— Ignition,  —  J. 
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Fig.  57.— Summary  op  Results. 
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DISCUSSION. 

Prof.  Wm.  T.  Magrvder. — This  paper  presents  a  very  elegant 
and  refined  proof  of  the  rule  of  practice  common  among  gas-engine 
men  that,  with  electric  ignition,  the  engine  should  ^^  fire  "  when  the 
crank  is  about  15  degrees  below  the  dead  centre,  in  order  that  the 
best  results  may  be  obtained  and  the  engine  shall  give  the  least 
"  kick  "  when  running.  With  zero  and  2.5  brake  horse-power,  the 
author  finds  that  ^^  the  greatest  efficiency  is  found  when  the  point 
of  ignition  is  ^  inch  before  the  end  of  the  compression  stroke," 
and  "  at  the  dead  point "  for  5  brake  horse-power.  The  former 
corresponds  to  an  angle  of  23  degrees  33  minutes,  while  15  de- 
grees corresponds  to  \  inch  before  the  end  of  the  compression 
stroke.  It  is  thought  that,  if  similar  series  of  observations  had 
been  made  with  ignition  at  \  inch,  slightly  better  results  would 
have  been  secured.  Otherwise,  the  results  presented  would  indi- 
cate that  the  time  of  ignition  should  be  delayed  with  increase  of 
load.  It  is  to  be  borne  in  mind  that  these  experiments  were  made 
on  a  non-scavenging  engine,  or  one  which,  when  it  misses  a  charge, 
instead  of  scavenging  its  cylinder  by  sucking  in  fresh  air  and  ex- 
hausting the  diluted  burnt  gases,  leaves  the  exhaust  valve  open  and 
sucks  in  and  exhausts  burnt  gases.  If  the  experiments  had  been 
performed  on  a  scavenging  engine,  the  first  diagram  indicated  after 
a  missed  chaise  would  have  been  more  like  Figs.  36,  45,  and  52. 

Assuming  that  '^  the  summary  of  tests  "  in  the  paper  is  accurate, 
the  figures  illustrate  that  the  friction  of  a  gas  engine  is  not  neces- 
sarily constant,  nor  yet  is  it  a  function  of  the  horse-power ;  but 
rather  that  the  friction  increases  with  the  earliness  of  ignition, 
and  tliat  the  maximum  indicated  horse-power  for  a  given  brake 
horse-ix)wer  may  be  as  much  as  21  per  cent,  greater  than  the  mini- 
mum. Fortunately  for  the  user,  the  heat  efficiencies  do  not  vary 
much  so  long  as  the  point  of  ignition  is  within  a  range  of  25 
degrees  before  the  end  of  compression  stroke. 

Mr,  C,  E,  Sargent — While  the  intention  of  this  paper  seems  to 
be  the  proper  location  of  the  point  of  ignition  relative  to  the 
piston,  for  the  maximum  efficiency  under  different  loads,  the  re- 
sults obtained  are  exactly  what  we  would  expect  from  an  engine 
fitted  with  a  hit-and-miss  governor.  The  conditions  are  constant 
for  any  location  of  the  point  of  ignition  through  all  the  series  of 
tests,  and  the  efficiency  curves  should  be  as  they  are,  practically 
parallel  within  the  capacity  of  the  engine.    Of  course,  with  the 
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load,  we  have  more  impulses  per  minute  than  with  no  load ;  but 
the  mean  effective  pressure  for  each  impulse  should  vary  but 
little,  and  the  deductions  show  that,  whether  we  have  25  or  75 
explosions  per  minute  for  a  maximum  efficiency,  the  ignition 
should  take  place  when  the  piston  is  i  inch  before  the  end  of 
the  compression  stroke. 

In  order  to  make  these  data  more  accessible,  would  it  not  have 
been  better  to  have  given  the  crank  position  in  degrees,  making  it 
thus  applicable  for  any  length  of  stroke?  We  see  from  the 
diagram  that,  for  maximum  efficiency,  the  ignition  line  leans  to- 
wards the  crank,  and,  instead  of  locating  the  point  of  ignition — 
which  would  vary  with  the  ratio  of  gas  and  air,  piston  speed,  and 
other  conditions— ^would  not  a  determination  of  the  proper  angle 
of  the  ignition  line  with  the  vertical  locate  the  form  of  diagram 
for  maximum  efficiency,  no  matter  how  the  conditions  changed  ? 

In  the  test  presented  to  us,  we  have  a  constant  mixture  of  gas 
and  air,  a  constant  compression,  a  constant  piston  speed,  and  a 
constant  ratio  of  volume  to  the  confining  surface,  ifow,  as  the 
time  during  which  the  pressure  after  ignition  remains  higher  than 
the  pressure  before  ignition  is  but  a  few  seconds'  duration,  it  is  evi- 
dent that,  with  a  higher  piston  speed,  the  angle  of  the  ignition  line 
would  be  greater  if  the  point  of  ignition  were  constant,  so  that,  in 
order  to  maintain  a  uniform  angle  determined  for  maximum  effi- 
ciency, it  would  be  necessary  to  change  the  point  of  ignition  as  the 
piston  speed  varied,  so  that  a  determination  of  the  angle  in  ques- 
tion would  be  of  more  value  to  us  than  the  location  of  the 
ignition  point. 

As  the  amount  of  heat  transmitted  to  the  cylinder  walls  depends 
upon  the  difference  in  temperature  between  the  gases  and  the 
metal  which  confines  them,  it  would  seem  that  a  late  ignition  would 
increase  the  efficiency,  as  the  increase  in  velocity  of  the  piston 
would  prevent  the  high  initial  temperature,  and  less  heat  would 
be  lost  by  radiation.  Yet,  on  the  other  hand,  as  the  piston  moves 
away  from  the  burning  gases,  so  that  the  difference  in  tempera- 
ture is  less,  the  surface  of  radiation  is  greater. 

Professor  Kerr's  experiments  show  us  that  for  a  constant  piston 
speed,  compression,  and  gas  and  air  ratio,  there  is  a  happy  me* 
dium,  where  a  certain  point  of  ignition  will  produce  a  maximum 
efficiency,  and  that  the  line  of  ignition — or,  to  use  a  military  term, 
the  '*  firing  line " — produces  a  certain  angle  with  the  vertical. 
Now,  if  this  angle  is  once  determined,  it  ought  to  be  easy  to  main- 
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tain  the  same  by  changing  the  point  of  ignition  as  the  piston 
speed  or  mixtare  changes. 

As  the  engine  tested  had  a  hit-and-miss  governor,  compression 
is  practically  constant ;  but  with  an  engine  governing  by  varying 
the  mean  effective  pressure,  the  compression  would  decrease  with 
the  load,  and,  on  account  of  the  molecules  being  farther  apart  and 
the  mixture  more  diluted  with  the  constant  volume  of  clearance 
gases,  the  inflammation  would  be  slower,  the  angle  of  the  firing 
line  greater,  and  there  would  be  a  corresponding  drop  in  eflS- 
ciency ;  so  that,  to  maintain  a  maximum  eflSciency  through  all 
changes  of  load,  the  ignition  point  should  be  advanced  as  the  load 
is  decreased  or  as  the  mixture  is  cut  off.  Fig.  107,*  in  Paper  No. 
879,  is  a  diagram  from  an  engine  which  varies  the  point  of  igni- 
tion with  the  load,  and  shows  very  clearly  how  the  angle  of  the 
firing  or  of  the  ignition  line  may  be  practically  constant  for  any 
variation  in  load. 

Where  the  point  of  ignition  remains  constant  as  the  load  gets 
lighter,  the  inflammation  gets  slower,  and  the  maximum  pressure 
is  not  attained  until  the  piston  approaches  the  middle  of  the 
stroke.  (See  Fig.  101,  Paper  No.  879.*)  Under  these  conditions 
the  firing  line  is  nearly  at  right  angles  to  the  vertical,  and  is  one 
of  the  causes  of  the  ordinary  engine's  low  efficiency  at  light 
loads. 

Prof,  C.  V.  Kerr.\ — While  referring  to  the  opening  sentences 
of  Professor  Magruder  and  Mr.  Sargent  in  discussion  on  this 
paper,  I  must  confess  to  having  at  one  time,  and  that  not  far  dis- 
tant, entertained  the  notion  that  a  gas-engine  card  like  Fig.  105, 
with  its  high  initial  and  low  terminal  pressures,  should  give  higher 
heat  efficiency  than  one  like  Fig.  106,*  with  lower  initial  and  higher 
terminal  pressures.  The  formulas  for  efficiency  in  thermody- 
namics certainly  favor  it.  And  the  text-books,  with  their  varying 
degrees  of  intimacy  in  mixture  of  theory  and  practice,  give  no  ex- 
planation of  the  fact  that  the  preferred  gas-engine  card  is  given  a 
"  firing  line  "  inclined  toward  the  crank,  except,  perhaps,  that  such 
a  card  is  easier  on  the  crank  and  main  bearings. 

The  old-fashioned  hot-tube  igniter  cannot  be  relied  upon  to 
maintain  a  given  card  in  a  series  long  enough  to  determine  its 
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efficiency.  Only  the  advent  of  the  adjustable  electric  igniter  en- 
ables the  time  required  for  combustion  and  the  efficiency  depend- 
ing upon  a  wide  range  of  points  of  ignition  to  be  determined. 
Now  that  the  card  with  the  inclined  firing  line  is  known  to  be 
more  efficient  under  a  given  set  of  conditions  than  the  thermody- 
namic ideal,  I  explain  to  myself  that  the  heat  potential  of  the 
high  initial  pressure  forces  a  larger  percentage  of  the  energy  devel- 
oped through  the  cylinder  walls  into  the  jacket  water  than  does 
that  of  the  inclined  firing  line,  while  the  latter  develops  energy 
at  a  time  when  a  larger  component  is  available  to  produce  rotation 
effort  at  the  crank  pin. 

The  experiments  decribed  here,  made  with  a  practically  constant 
compression,  speed,  and  mixture  of  natural  gas  with  air,  might  not 
hold  true  as  to  the  angular  movement  of  the  crank  during  com- 
bustion if  another  compression  pressure  had  been  used,  and  an 
artificial  fuel  or  illuminating  gas,  with  varying  proportions  of  air. 
Here  a  statement  of  results  in  terms  of  the  inconvenient  crank 
angle,  instead  of  the  piston  position,  would  not  be  a  safe  guide  for 
other  conditions.  The  angle  between  the  firing  line  and  the  ver- 
tical, which  is  here  from  5  to  6  degrees,  is  probably  a  safer  guide 
by  far.  The  very  best  guide  is  a  series  of  tests  similar  to  these  for 
the  conditions  assumed  or  imposed. 

More  may  be  learned  from  the  indicated  horse-power  and  brake 
horse-power  lines  in  Fig.  57  than  from  the  average  friction  horse- 
power in  the  "  summary  of  results."  The  former  show  a  tendency 
to  higher  mechanical  efficiency  for  later  ignition,  especially  for  the 
heavier  loads. 
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No.  8T«.* 

THE  STEAM   TURBINE:    THE   STEAM  ENGINE  OF 

MAXIMUM  SIMPLICITY  AND  OF  HIGHEST 

THERMAL  EFFICIENCY. 

BT  BOBKBT  H.   THURSTOIT. 

(Member  of  the  Society.) 

The  Steam  Engine  of  Maximum  Simplicity  and  of  Ideal 
Thermal  Efficiency  would  presumably  be  defined,  by  one  fa- 
miliar with  the  general  principles  of  science — even  ijf  entirely 
ignorant  of  its  applications  of  contemporary  date  in  the  heat- 
motors,  mechanically — as  a  machine  having  a  minimum  number 
of  moving  parts  and  therraodynamically  free  from  other  wastes 
than  those  of  the  ideal  thermodynamic  machine.  Such  a 
machine  has  never  been  produced,  and  it  is  not  to  be  expected 
that  it  will  ever  be  constructed  in  perfection.  Yet  the  close  of 
the  nineteenth  century  sees  a  remarkably  close  approximation 
to  this  ideal;  and  that,  curiously  enough,  by  reversion  to  an 
ancient  type  and  by  the  reproduction,  in  refined  form  and  pro- 
portions, of  the  ''Greek  idea  of  the  steam  engine,"  as  illus- 
trated by  Hero  in  his  '' Pneumatica,"  120  B.G.,  and  in  better 
type,  though  no  better  form,  by  Branca,  in  his  ''Machine 
deverse,"  of  1629.t 

The  ideal  construction  is  certainly  reached  in  a  machine  in 
which  there  exists  but  a  single  moving  element ;  and  the  ideal 
thermodynamic  machine  is  approximated  in  a  motor  in  which 
adiabatic  expansion  is  secured,  and  friction  and  heat  waste  may 
be  made  sources  of  comparatively  small  loss.  The  elements 
of  waste,  conduction,  and  radiation,  and  incomplete  expansion, 
are  probably  capable  of  large  reduction,  with  improved  con- 
struction and  continued  experience  in  the  apportionment  of  the 


*  Presented  at  the  New  York  meet'iDg  (December,  1900)  of  the  American 
Societv  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the 
TranHdciiona. 

f  "  History  of  the  Growth  of  the  Steam  Engine  ;  International  Series."  New 
York,  London,  Leipzig,  and  Paris,  1878.  "Manual  of  the  Steam  Engine," 
vol.  i.,  chap.  1.    New  York  and  London,  1890-1900. 
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apparatus  to  its  vork.  The  tuaia  purpose  of  this  diBcnasion  is 
to  BommaTize  the  work  of  the  steam  turbine  to  date — as  veil  as 
may  be — and  to  stodj  the  soaroes  of  loss  as  it  is  now  con- 
structed and  operated,  and  to  deduce,  if  possible,  the  principles 
involved  in  ita  correct  design,  constTuction,  and  operation — 
meontiine  bringing  out  into  relief  facts  indicating  the  essential 
importanoe  of  employing  superheated  steam  in  a  machine  in 
which  it  has  seemingly  no  other  than  thermodynamic  value,  and 
ol  the  use  of  condensation  to  enable  the  engineer  to  evade  a  loss 


Fig.  09.— The  First  Stsau  TtmsiHE. 

and  accomplish  a  purpose  which  have  no  counterparts  in  the 
<!S8e  of  the  piston  engine. 

The  Sleant  Turbine — known  as  a  "  reaction  wheel "  to  Hero 
(120  B.C.)  and  the  Greeks,  and  possibly  long  before  the  Cbris- 
tian  era — proposed  by  Branca  in  1629,  in  the  type-form  familiar 
tons  in  the  hydraulic  motors  of  the  Felton  class  and  the  steam 
hitbine  of  the  Laval  form,  has  only  recently  come  to  be  con- 
sidered Berioaaly  by  the  engineer  as  a  practicable  form  of 
beat-motor.  This  was  not  because  its  principles  and  its  ideal 
efficiency  were  not  known  to  him ;  for  the  principles  of  design, 
constmction,  and  action  are  precisely  the  same  as  those  of  the 
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hydraulic  motors,  and  have  been  developed  with  the  greatest 
elaboration  by  Weisbach  and  other  early  writers  of  oar  time, 
and  have  been  applied  in  construction  by  the  engineers  of  every 
civilized  nation.  It  was  not  because  no  attempts  had  been 
made  to  utilize  this  class  of  motors ;  for,  from  time  to  time,  ever 
since  Branca,  and  especially  within  the  past  century,  steam,  as 
well  as  hydraulic,  turbines  have  been  built  and  experimentally 
used.* 

More  than  half  a  century  ago,  a  steam  turbine  of  the  Hero 
form  was  built  in  Syracuse,  by  Wm.  Avery,  which,  with  its  com- 
paratively large  scale  of  construction,  fairly  well-proportioned 
arms,  and  generally  excellent  design,  was  found  to  give,  as  then 
reported,  practically  the  same  economy  in  operation  as  the  or- 


Thurston 

Fig.  60.— Hbro'8  Engine,  b.c.  120. 

dinary  steam  engine  of  the  time  of  similar  power.  Within  the 
last  twenty-five  years,  both  the  Hero  and  the  Branca  forms  of 
turbine  have  been  extensively  introduced  into  the  United  States, 
and  without  attracting  attention,  either  of  the  public  or  even  of 
engineers,  by  the  constructors  of  dairy  machinery  in  their 
"  cream  separators"  or  ** centrifugals,"  making  from  6  to  8  thou- 
sand revolutions  per  minute  or  more  in  small  sizes,  and  where 
no  other  direct-acting  motor  is  practicable.  The  result  was  an 
astonishing  efficiency  in  many  cases  of  good  design;  and  the 
Branca  form,  particularly,  exhibits  such  satisfactory  qualities. 


*  One  of  the  earliest  recollections  of  the  writer  was  the  coostriictJon  of  a 
Branca  turbine  bj  Messrs.  Thurston,  Green  &  Co.,  at  Providence,  R.  I.,  on  the 
order  of  an  inventor  named  Schmidt,  which  was  intended  to  develop  a  very  cson- 
siderable  amount  of  power.  In  consequence,  however,  of  the  ignorance  of  ito 
inventor  and  designer,  its  proportions  and  forms  of  details  were  altogether  in- 
correct, and  the  machine  as  constructed  was  naturally  a  failure. 
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as  constracted  by  Laval  for  tliis  nse,  as  to  make  it  a  permanent 
onJ  standard  adtUtion  to  our  list  of  prime  movers.  Many  iii- 
ventora  have  attempted  its  perfectioa  during  tlie  last  years  of 
the  nineteenth  century,  and  its  effioieney  has  been  brought  up 
by  Parsons,  Laval,  and  others  of  the  more  successful  among 
tbem,  to  a  very  satisfactory  figure.  Thus  it  has  come  to  compete 
seriously  with  the  reciprocating  engine  in  many  directions  in 
which  high  speed  of  rotation  is  allowable  or  desirable  ;  although 
usually  the  steam  turbine  has  a  "  beat  speed  "  as  much  above 
the  highest  desirable  speeds  of  rotation  of  even  fast-running 
machinery  as  that  of  the  ordinary  stpam  engine  is  below;  and 


FiQ.  61.~Bkanca'b  Steam  Emoinb.  a.d.  1639. 

[Prom  "Hletnr^of  Orowtb  of  Steun  BoglDe,"  p.  17.1; 

"  Bpeeding  down "  is  found  as  objectionable  in  many  cases  as 
"  speeding  up."  The  facts  are,  that  the  machine  is  as  simple  in 
construction  as  the  reciprocating  steam  engine  ^especially  in 
its  multiple-cylinder  forma — is  complex ;  that  it  is  compara- 
tively simple  in  principle  and  inexpensive  in  construction,  and 
that  it  may  attain  great  economy  in  the  uae  of  steam  and  of 
fuel 

Banldne  states  that  Mr.  Eutbven  brought  a  Hero  turbine 
into  use  "to  a  limited  extent"  many  years  ago  in  Scotland,  and 
that  Mr.  Wm.  Gorman  constructed  an  inward-flow  turbine, 
which  was  set  up  and  operated  in  the  Glasgow  sawmill,  attain- 
ing S3  high  an  efficiency  as  "  the  ordinary  high-pressure  en- 
gine " — presumably  meaning  a  non-condensing  engine.* 


'  ••  The  Steam  Eogine 
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The  later  ^'  compound  "  steam  turbine  has  recently  been  exten- 
sively employed  in  the  operation  of  dynamo-electric  machinery. 
It  consists  of  two  sets  of  parallel-flow  turbines  set,  in  twin  series, 
on  one  shaft  on  either  side  the  induction-pipe,  thus  balancing. 
The  passages  are  gradually  enlarged  as  the  volume  of  the  steam 
increases  with  its  progressive  expansion.  The  Parsons  is  the 
best-known  form. 

The  turbines  thus  alternate  with  their  guide  blades,  and 
both  the  vanes  and  the  blades  are  carefully  proportioned  and 
set  to  secure  maximum  attainable  efficiency  at  the  proposed 
speed  of  rotation,  their  .pitches  and  depths  being  suitably 
varied. 

The  computed  efficiency,  without  allowances  for  wastes,  is 
about  87  per  cent.  The  actual  consumption  of  steam  is  found 
to  be  16  to  26  pounds  per  electrical  horse-power  produced  and 
per  hour,  as  steam  pressures  rise  from  sixty  or  eighty  pounds  by 
gauge  upward  to  several  hundred.  The  speed  of  rotation  ranges 
from  2,000  or  5,000  revolutions  per  minute  upward,  according  to 
size  and  steam  pressure ;  15,000  and  20,000  being  common  speeds 
for  the  smallest  sizes. 

Dow's  turbine  is  an  inward-flow  wheel  with  concentric  sets  of 
guides  and  vanes  in  series,  and  is  said  to  have  attained  35,000 
revolutions  per  minute,  working  regularly  at  25,000,  consuming 
45  pounds  of  steam  per  horse-power  per  hour.  Only  the  most 
perfect  construction  is  admissible  in  any  turbine. 

The  theory  of  this  type  of  machine  is  that  familiar  to  the 
hydraulic  engineer,  and  the  speeds  of  orifice  for  maximum  effi- 
ciency are  well  known  to  be  infinite  in  the  Hero  class  of  turbine, 
and  approximately  one-half  the  final  velocity  of  flow  in  the 
guide-blade  turbine.  Since  these  speeds  are  impracticable,  a 
certain  loss  of  energy  is  thus  inevitable.  In  compensation  for 
this  loss,  in  the  steam  turbine,  is  the  fact  that  it  is  not  subject 
to  that  fluctuation  of  temperature  of  parts  exposed  to  contact 
with  the  steam  which  results  in  large  wastes  by  cylinder-con- 
densation in  the  common  forms  of  steam  engine.  A  gain  of  from 
25  to  60  per  cent.,  as  compared  with  the  latter,  in  this  way,  is  to 
be  counted  upon. 

The  Dow  turbine,  as  built  for  work  in  connection  with  the 
Howell  torpedo,  gives  an  average  of  about  J 1  horse-power  in 
coming  up  to  speed  in  regular  working,  at  60  pounds  steam 
pressure,  and  weighs  from  100  to  150  pounds,  or  not  far  from  IS 
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I>oiind8  per  horse-power.*  Its  fly-wheel  rim  attains  a  speed  of 
nearly  7  miles  a  minute  at  10,000  revolutions  per  minute.  The 
designer  estimates  its  power,  at  150  pounds  steam  pressure  and 
the  same  speed,  at  40  horse-power,  or  one  horse-power  to  3.75 
pounds  weight,  and  states  that  this  may  be  still  further  reduced 
to  the  extraordinary  minimum  of  2^  pounds  weight  per  horse- 
power, a  figure  within  the  estimated  allowable  maximum  for  use 
in  aeronautic  work. 

The  steam  turbine  of  Parsons  (1884)  is  an  engine  consisting 
of  two  series  of  cylindrical  turbines,  arranged  symmetrically, 
light  and  left  of  the  central  steam  inlet ;  the  exhaust  taking  place 
from  the  two  ends.     In  this  manner,  a  balance  is  obtained,  and 
tlie  bearings  are  relieved  of  end  pressure.     Oil  is  forced  through 
the  bearings  by  a  pump.     This  engine  has  driven  a  torpedo  boat 
100  feet  long  and  of  44^  tons  displacement  at  the  rate  of  32| 
knots,  developing  2,100  horse-power  with  machinery  weighing, 
with  water  in  the  boilers,  22  tons,  thus  producing  100  horse- 
power per  ton  and  50  per  ton  of  displacement. 

Such  engines  have  been  successfully  employed  in  driving 
electric  machinery  and  in  "spinning"  the  **fly"  of  the  Howell 
torpedo.  For  alternating  electric  currents,  this  system  possesses 
the  peculiar  advantage  of  permitting  a  "  dynamo  "  to  be  employed 
having  but  two  poles.  It  may  be  readily  driven  continuously 
at  speeds  exceeding  10,000  revolutions  per  minute,  and,  like  the 
Dow  turbine,  has  been  driven  at  20,000  and  upward.  With  the 
lower  speeds  of  revolution  usual  with  ordinary  engines,  the  num- 
ber of  poles  required  generally  approximates  the  quotient  120 
times  periodicity  divided  by  speed  of  engine,  if  directly  con- 
nected.t 

The  best  of  these  machines  have  demanded  from  16  pounds  of 
steam  per  horse-power  per  hour,  upward,  according  to  pressure 
employed  and  amount  of  superheating.  It  may  be  assumed  that 
they  will  require  not  far  from  the  weight,  for  large  powers, 

where  p^  lies  between  50  and  200  pounds  per  square  inch  by 
gauge,  and  the  apparatus  is  operated  under  favorable  conditions  ; 
the  value  of  a  lying  between  200  and  300  with  dry  steam. 

*  •'  Manaal  of  the  Steam  Engine,"  vol.  ii.,  pp.  62,  225. 
\  Electrical  World,  Ap  il  18,  1891. 
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In  the  United  States,  the  substitution  of  the  Dow  turbine  for 
the  systems  previously  in  use,  for  spinning  torpedoes,  has  brought 
down  the  weight  and  volume  of  machinery  from  the  earlier 
minimum  of  360  pounds  and  three  cubic  feet  per  machine  to  55 
pounds  and  one  cubic  foot 

In  the  steam  turbine,  either  the  common  direct-flow  turbine 
or  a  "  scroll  wheel "  of  the  Whitelaw  type — in  which  the  reaction 
of  the  current  develops  an  amount  of  energy  which  approaches 
the  ideal  maximum  as  the  speed  of  rotation  and  of  the  discharge 
orifices  increases — within  practical  limits,  the  design,  as  of  nearly 
all  peculiar  forms  of  engine,  is  a  subject  of  no  great  difficulty, 
all  the  principles  which  have  been  given  applying  to  them  as  to 
ordinary  engines.  This  designing  involves  merely  the  deter- 
mination, first,  of  the  maximum  speed  of  rotation  practicable, 
and  next,  the  diameter  permissible.  These  points  settled,  the 
wheel  is  given  a  general  form  such  as  will  least  affect  efficiency 
by  its  friction  resistances,  either  on  its  journals  or  in  the  air, 
and  a  size  of  orifice  such  as  will  discharge  the  required  weight 
and  volume  of  steam  at  the  pressure  fixed  upon.  In  some  cases, 
compounding  has  been  resorted  to,  to  reduce  the  speed  of  rota- 
tion for  high  efficiency,  with  good  results.  Properly  designed 
and  operated,  these  machines  should  give  quite  as  high  efficiency 
as  the  small  engines  which  they  are  intended  to  compete 
with. 

The  ideal  efficiency  of  the  reaction  wheels  is,  as  shown  by 
Rankine,* 


^^'' (;&  ^  ♦"•  -  ^>' 


V2gh 

where  a  is  the  angular  velocity,  /*  the  radius  to  the  orbit  of  the 
orifice,  and  h  is  the  height  due  the  velocity  of  outflow  of  the 
fluid,  and  E  approaches  unity  as  the  value  of  ar  approximates 
infinity.  At  a  speed  of  orifice  equal  to  that  of  outflow  of  simi- 
lar steam  from  a  fixed  orifice,  the  efficiency  is  about  0.7. 

It  is  an  interesting  and  curious  fact  that  this  earliest  of 
all  steam  engines,  antedating  James  Watt  nearly  2,000  years, 
should  have  a  higher  ideal  efficiency  than  the  best  of  modern 
engines. 


»  a 


Steam  Engine,"  p.  197,  g  176. 
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A  common  speed  is  that  which  makes  the  velocitj  of  orifice 

eqnal  t;  =  y/  2gh,  where  h  is  the  height  due  the  work  of  ex- 
pansion to  zero-pressnre. 

The  speeds  of  the  steam  turbines  thus  enormously  exceed 

those  of  any  form  of  engine  with  reciprocating  piston,  or  even 

of  the  so-called  rotary  engines.     The  three-  and  four-cylinder 

engines  of  the  Brotherhood  type,  in  which  the  several  cylinders 

are  usually  grouped  radially  about  a  common  crank  and  shaft, 

often  exceed  l^OOO  revolutions  per  minute  and  have  been  driveu, 

experimentally,  above  2,500 ;  but  the  steam  turbine  of  Parsons 

makes  10,000  and  even  20,000  revolutions  and  the  Dow  turbine 

is  reputed  to  have  attained  25,000,  in  small  sizes.^ 

Advantages  claimed  for  the  steam  turbine  of  good  construc- 
tion, as  stated  by  Mr.  Parsons,  are,  for  the  marine  engine  : 

1.  Increased  speed. 

2.  Increased  economy  of  steam. 

3.  Increased  carrying  power  of  vessel. 

4.  Increased  facilities  for  navigating  shallow  waters. 

5.  Increased  stability  of  vessel. 

6.  Increased  safety  to  machinery  for  war  purposes. 

7.  Beduced  weight  of  machinery. 

8.  Reduced  space  occupied  by  machinery. 

9.  Reduced  initial  cost. 

10.  Reduced  cost  of  attendance  on  machinery. 

11.  Diminished  cost  of  upkeep  of  machinery. 

12.  Largely  reduced  vibration. 

13.  Reduced  size  and  weight  of  screw  propellers  and  shafting. 
Professor  Ewing  concludes : 

"  The  application  of  steam  turbines  to  torpedo  boats,  destroy- 
ers, gunboats,  and  cruisers,  is  to  be  anticipated  from  their 
unique  capacity  for  developing  great  power  and  high  speed  with 
light  and  compact  machinery.  Apart,  however,  from  these  uses, 
it  appears  to  me  highly  probable  that  they  will  in  time  be 
adopted  in  the  mercantile  marine.  The  conditions  in  a  fast 
passenger  steamer  are  favorable  to  the  economical  application 
of  steam  turbines,  and  in  such  steamers  the  smoothness  of  their 
running  will  be  a  strong  recommendation.     I  see  no  drawback 


*  Tians.  A,  S.  M.  E,,  vol.  x.,  1889,  p.  681.    For  much  of  the  above  and  other 
^Ata  relating  to  the  high-speed  motors,  see  "Manual  of  the   Steam  Engine," 
vol.  i.,  pp.  237-241 ;  vol.  ii.,  pp.  158-160. 
12 
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likely  to  detract  from  the  advantages  which  they  plainly  pos- 


sess." 


Experience  already  had  with  this  motor  leads  Mr.  Parsons  to 
assert : 

"'  The  application  of  the  steam-turbine  principle  to  fast  ships 
in  general,  including  passenger  vessels,  Atlantic  liners,  and 
ships  of  war,  would  appear  to  present  no  special  difficulties.  It 
may  be  said,  generally  speaking,  that  the  larger  the  scale  on 
which  the  engines  are  made,  the  simpler  is  the  construction, 
the  higher  the  steam  efficiency,  and  the  lower  the  speed  of 
rotation." 

Th^  Rotary  Steam  Engine y  the  "steam  wheel,"  as  Watt 
called  his  patented  form  of  this  machine,  does  not  seem  to 
promise  rivalry  with  either  the  reciprocating  engine  or  the  tur- 
bine. It  is  apparently  incapable  of  securing  the  essential 
requisites  of  successful  application  in  such  extent  and  perfec- 
tion as  to  give  it  place  in  the  general  market  for  prime  movers. 
It  is  almost  invariably  subject,  with  continued  use,  to  serious 
leakage,  a  waste  which  may  be  made  practically  insensible  in 
either  of  the  other  machines ;  it  can  rarely,  if  ever,  be  made  to 
regulate  with  satisfactory  certainty  and  exactness;  it  seldom,  if 
ever,  gives  entirely  satisfactory  expansion  of  steam,  and  it  has 
not  yet  been  found  practicable  to  unite  the  elements  of  econom- 
ical operation  with  those  of  precise  adaptation  to  the  work,  as 
illustrated  by  the  arrangement,  in  the  reciprocating  engine,  in 
which  the  governor  determines  that  adjustment  by  regulating 
the  ratio  of  expansion. 

The  best  rotary-engine  work  with  which  the  writer  is 
acquainted  is  that  of  the  Xoteman  engine,  of  20  years  ago 
nearly,  in  which,  when  developing  12.5  horse-power  on  the 
brake,  15  were  measured  by  the  indicator;  the  speed  being  350 
revolutions  per  minute  and  the  steam  pressure  60  to  80  pounds ; 
the  ratio  of  expansion  was  very  nearly  2,  as  shown  on  the  dia- 
gram, but  more  nearly  1.5  in  fact,  clearances  being  considered. 
It  was  subject  to  a  loss  of  about  25  per  cent,  through  internal 
condensation — a  small  figure,  however,  for  the  size  of  engine. 
A  variety  of  other  rotary  engines,  tested  by  the  writer  or  the 
work  of  which  has  been  reported  to  him,  have  demanded,  on 
the  average,  not  less  than  three  times  as  much  steam ;  this  en- 
gine consuming  43  and  the  others  about  156  pounds  per  horse- 
power hour ;  the  latter,  however,  not  being  considered  a  very 
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extravagant  record  for  reciprocating  engines  of  minimum  power. 
Tlie  most  inefficient  of  the  rotaries  demanded  about  400  pounds 
iper  horse-power  hour. 

This  chiss  of  engines,  as  a  rule,  if  not  invariably,  is  restricted, 
by  its  complication  of  valve-gear  and  the  system  of  movable 
abutments  within  its  cylinder,  to  comparatively  low  speeds  of 
rotation,  the  turbine  being  the  standard  taken.  The  recipro- 
cating engine  can  usually  compete  with  it. 

The  Steam  Turbine  is,  in  essence,  economical  through  its 
simplicity  and  the  directness  which  distinguishes  its  method 
of  thermodynamic  energy-conversion.  It  is  subject  to  small 
loss  of  mechanical  efficiency  through  friction  of  journals,  it 
liaving  but  a  single  pair  of  rubbing  parts,  bearings  of  small  di- 
ameter although  of  enormous  speed  of  revolution,  and  it  is 
entirely  free  from  the  great  source  of  waste  in  the  recipro- 
cating engine,  that  internal  variation  of  temperature  of  metal- 
surfaces  which,  ranging  from  the  temperature  of  prime  steam  to 
that  of  the  exhaust,  nearly,  produces  wastes  amounting  to  from 
10  per  cent,  to  sometimes  50  and  more  of  the  heat,  steam,  and 
fael  supplied.  In  the  steam  turbine,  the  internal  surfaces, 
while  it  is  in  steady  motion,  are,  in  all  parts,  at  a  constant  tem- 
perature, and  that  is  the  temperature,  practically,  of  the  steam 
in  contact  with  the  element  of  surface.  Its  only  thermal  loss  is 
by  conduction  and  radiation,  and  that  may  be  made  very  small. 
Its  thermodynamic  losses  are  due,  as  in  other  steam  engines,  to 
incomplete  expansion  within  the  wheel  and  discharge  of  the 
fluid  with  considerable  energy  of  mechanical  motion  through 
malproportion,  maladjustment,  or  lack  of  adaptation  of  the 
speed  of  discharging  orifice  to  the  velocity  of  the  expanding,  • 
rejected  fluid  in  such  manner  as  to  reduce  its  velocity  of  rejec- 
tion, into  the  air  or  the  condenser,  to  a  minimum. 

It  is,  however,  subject  to  one  form  of  loss  which  does  not 
seem  to  have  been  generally,  if  at  all,  recognized,  and  one 
which  may  prove  to  be  serious,  partly  in  its  reduction  of  effi- 
ciency and  largely  in  its  reduction  of  power,  particularly  of 
small  turbines.  This  is  the  friction  of  water  or  of  moisture- 
laden  steam  within  the  passages  of  the  turbine  and,  especially, 
between  the  turbine  and  casing,  either  by  direct  obstruction, 
where  a  film,  a  thread,  or  a  mass  of  water  lies  in  contact  with 
both  wheel  and  casing,  or,  indirectly,  as  when  water  drips  or 
flows,  from  comparative  quiescence,  on  the  casing  to  take  up 
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high  velocity  and  large  amounts  of  energy,  by  riding  on  the 
wheel. 

The  number  of  steam  turbines  brought  out  by  inventors  in 
recent  years  is  very  large,  although  the  opportunity  for  radical 
improvement,  or  for  original  invention,  in  its  main  features  of 
construction  is  small.  All  belong  to  either  fche  Hero  type  of 
2,000  years  ago  or  to  the  Branca  type  of  1629.*  In  all  cases,  the 
principle  is  precisely  the  same,  so  far  as  the  action  of  the  steam 
is  concerned,  and  in  the  thermodynamic  operation  of  production 
of  dynamic  from  thermal  energy ;  the  differences  lie  in  the  de- 
vices employed  for  steam  supply,  for  reducing  speeds  of  rota^ 
tion  of  the  driven  shaft,  and  for  regulation  and  adjustment  of 
power  to  load.  The  literature  of  the  subject  is  not  extensive, 
and,  in  fact,  the  simplicity  of  the  principles  and  of  the  practice 
in  this  case  permits  comparatively  little  opportunity  for  exten- 
sive discussion  of  either.t  The  number  of  patents,  on  minor 
and  usually  unimportant  details,  is  very  considerable  (270  in 
the  United  States  to  date),  and  the  reported  experimental  work, 
in  measurement  of  power,  efficiencies,  and  other  essential  engi- 
neering data,  is  large  and  increasing  in  volume.  There  is  already 
quite  enough  to  supply  the  needed  material  for  our  present  dis- 
cussion of  the  importance  of  superheating  in  promotion  of  effi- 
cieDcy  and  in  its  reduction  of  friction.  In  all,  also,  the  process 
is  the  same  :  the  conversion  of  the  energy  of  heat,  stored  in  the 
steam,  into  the  kinetic  energy  of  a  jet ;  from  which  jet  this  energy 
is  absorbed  by  intercepting  it  at  the  turbine  vane  and  gradually 
transforming  its  vis  viva  into  work  while  changing  its  path 
until,  with  complete  reversal  of  direction  and  with  velocity 
nearly  destroyed  with  respect  to  the  earth,  the  fluid  issues  at 
minimum  velocity  and  with  minimum  unutilized,  available,  ther- 
mal or  dynamic  energy. 

Parsons^s  Compound  Steam  Turbine  dates  from  1884.J    It  i& 

♦Hero's  "Pneamatica"  (B.C.  120).  Woodcroft's  translation,  1851.  *'Le 
Machine deverse  del  S.  Giovanni  Branca,"  Rome,  MDCXXIX.  Stnart's  ** History 
of  tbe  Steam  Engine,'*  London,  1824.  Thurston's  "History  of  the  Growth  of 
the  Steam  Engine,''  International  Science  Series,  New  York,  London,  Paris,  and 
Leipzig,  1878. 

f  See  Ludwig  Klein  in  Zeits.  des  Vereines  Deutseher  Ingenteure,  October,  1896 ; 
Revue  de  Mecanique,  vol.  vii.,  1900. 

t  '•  Description  of  the  Compound  Steam  Turbine  and  Turbo-Generator,"  by 
the  Hon.  Charles  A.  Parsons,  Proc.  Brit.  Inst,  Mechanical  Engineers,  August, 
1888,  p.  480. 
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now  tlie  most  extensively  employed  of  the  motora  of  this  class, 
aud  has  been  constructed  on  so  large  a  scale  and  of  snch  high 
powers  as  to  afford  a  very  satisfactory  set  of  data  by  which  to 
judge  of  the  promise  of  the  type. 

The  first  example  of  the  machine  ran,  for  some  years,  at  a 
speed  of  18,030  revolutions  per  minute ;  the  second  at  about 
10,000,  driving  a  generator  and  providing  current  for  the  60 
lamps  of  the  steamer  "  Earl  Percy,"  on  the  Tyne.  Mr.  Parsons, 
in  1888,  reported  the  efficiency  of  each  element  of  hia  compound 
turbine  as  "theoretically"  89  i>er  cent,  and  their  combined  effi- 


ciency as  87  per  cent. ;  the  passages  in  guides  and  turbines 
being  properly  proportioned  to  avoid  the  breaking  up  nt  the 
steady  flow  and  continuous  expansion  of  the  steam.  With  careful 
lubrication,  no  wear  was  perceptible  after  several  years  of  con- 
tinuous working  and  no  cutting  action  by  the  steam  upon  the 
parts  of  the  machine  was  detected.  The  friction  of  Ijeariugs 
was  found  to  be,  at  speed,  over  one-third  of  a  horse-power  each, 
cold,  but  lens  than  one-fifteenih.  when  hot.  The  normal  output  of 
the  electric  generator  was  400  amperes  at  80  volts,  with  a  resist- 
ance of  but  0.0025  ohm,  in  the  armature,  from  brush  to  brusli 
The  resistance  of  the  field  magnets  was  2H  ohms ;  electric  effi- 
ciency 98  per  cent.,  with   32,000  watts   delivered,  the  engine 
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working  noQ-condensing ;  the  steam  consumption  was  42  pounds 
per  electrical  horse-power  per  hour,  with  61  pounds  steam  pres- 
sure at  the  inlet,  and  as  35  pounds  at  92  ponnds  pressure  ;  the  lat- 
ter fiffiire  being  practicall)' equivalent  to  aboat  25  pounds  per  in- 
dicated horse-power  per  hour  for  a  reciprocating  engine.  Since 
the  date  of  that  introductory  report  the  figure  has  been  much 
reduced,  as  shown  elsewhere  in  this  paper.  At  such  speeds,  as 
was  to  have  I>een  anticipated,  the  light  and  current  were  abso- 
lutelj'  steady ;  there  was  no  equivalent  of  the  numerous  minor 
forms  of  breakdown  and  accident  only  too  familiar  to  us  in  the 
use  of  the  reciprocating  engine ;  costs  were  small,  both  of  con- 
striiction  and  of  operation,  and  weight  and  volume  smalt  per  unit 
of  power.  In  four  years  after  its  inception  the  turbine  had  been 
supplied  in  an  aggregate  of  over  2,000  electrical  horse-power. 
">  In  the  operation  of  the  machine  it  was  found  that  much  care 
was  required  to  avoid  leakage  on  the  one  hand  and  friction  on 
the  other,  Leak^e  was  the  principal  cause  of  waste  in  the  ear- 
lier forms,  although  clearnnces  had  been  reduced  to  about  0.015 
inch,  permitting  a  loss  of  about  20  per  cent,  in  a  50  horse- 
power machine.  The  actual  efficiency  was  about  60  per  cent. ; 
that  of  the  generator  attached  was  95  per  cent.  The  ideal 
engine  should,  under  similar  circumstances  of  operation,  non- 
condensing,  give  the  horse-power  hour  on  about  18  pounds  of 
steam,  about  one-half  that  actually  at  the  time  attained  (188S). 
In  these  pioneer  machines,  ground  spindles  and  journals,  yield- 
ing bearings  and  forced  lubrication  were  employed,  and  the 
probable  value  of  the  machine  as  a  compressed-air  motor  was 
recognized  iu  the  discussions  of  the  time.  The  method  of  flow 
of  steam,  from  vane  to  vane,  is  shown  in  the  nest  sketch. 

The  design  of  the  Parsons'  turbine  illustrates  that  scientific 
method  which  distinguished  the  work  of  James  Watt  and  of 
others  among  our  most  famous  and  successful  inventors  of  re- 
cent times.  As  stated  by  Mr.  Parsons,  the  need  was  at  the 
time  recognized  for  a  fast-running  engine  of  fair  economy  in 
electrical  work,  and  "the  advantages  of  a  steady  running  engine 
having  no  reciprocating  parts,  of  small  size  and  of  extreme 
lightness  were  sufficiently  obvious ;  provided  that  fairly  econom- 
ical results  as  to  steam  consumption  could  be  realized." 

The  efficiency  of  the  hydraulic   turbine,  which  iuvolves  the 
same   mechanical  principles,  gave   promise  of  at  least  fair  me- 
,  chauieal   efficiency   in  the   steam  turbine,    and  the    apparently 
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tbennodynamio  equivalenoe  of  the  turbine  and  the  piston 
engine,  and  the  fact  that  the  former  is  entirely  free  from  the 
most  seriouB  of  the  extra-thermodynamic  wastes  of  the  latter, 
gave  assurance  of  good  economj  in  heat-conversion  if  the  turbine 
coold  be  practically  operated  in  accordance  with  known  princi- 
ples of  maximum  efficiency.  To  keep  down  the  speed  of  rota- 
tion, the  tnrbine  was  componnded  and  a  series  of  turbines  was 
set  on  a  common  shaft,  through  which  the  steam  passed  suc- 


oessively,  producing  in  each  a  thermodynamic  effect  proportional 
to  the  magnitude  of  that  portion  of  the  head  availed  of  at  each 
step,  until  the  final  element  of  the  series  rejected  the  st«am  into 
the  air  or  into  the  condenser.  The  rotative  speed  was  thus 
reduced  in  proportion  to  the  number  of  turbines  in  series  and 
the  total  thermod3mamicefi5ciencj  was  that  due  the  total  effective 
head  and  the  net  efficiency  that  due  the  thermodynamic  opera- 
tion, lesfi  friction  and  leakage  wastes  and  the  slight  waste  by 
conduction  and  radiation  of  heat. 
The  Parsons  tnrbine  was  so  far  perfected  in  1892  as  to  exhibit. 
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in  a  trial  reported  upon  by  Professor  Ewing,  an  economy 
measured  by  27.6  pounds  steam  per  electrical  horse-power  per 
hour,  at  95  pounds  pressure.  Later,  the  same  authority  re- 
ported upon  a  similar  turbine,  in  fact,  the  same  with  alterations 
to  adapt  it  to  the  higher  pressure  employed  115  pounds,  and 
with  superheated  steam,  60  degrees  Fahr.  above  the  temperature 
of  saturation.  This  test  gave  a  steam  consumption  of  about  20 
pounds  per  electrical  horse-power — a  rise  of  3  per  cent,  in  heat- 
storage  per  unit  weight  of  steam,  and  of  10  pounds  in  steam- 
pressure,  giving  a  profit,  in  steam  consumption,  of  about  one- 
third,  and  in'  British  thermal  units,  of  about  one-fourth ;  the 
principal  gain  being,  presumably,  due  to  the  use  of  superheated 
steam,  but  not  through  reduction  of  heat- wastes. 

In  1894,  the  work  of  the  turbine  had  been  so  well  and  so 
satisfactorily  tested,  and  the  outcome  had  given  such  practical 
experience  in  designing,  in  construction  and  in  operation,  as  to 
justify  those  interested  in  the  new  motor  in  seeking  its  experi- 
mental development  on  a  larger  scale.  A  syndicate  was  formed 
to  test  it  in  marine  work,  and  a  boat  was  built  to  develop  high 
speed  and  to  secure  determinative  measures  of  the  value  of 
steam  turbines  in  driving  the  screw-propeller. 

The  first  outcome  of  the  experiment  on  the  "  Turbinia  "  was 
the  discovery  of  a  previously  unsuspected  cause  of  inefficiency 
at  high  speeds  of  rotation  of  the  screw  such  as  were  adopted  in 
this  construction — "  cavitation  "  by  centrifugal  action  about  the 
screw,  which  worked  in  a  self-created  cave  in  the  midst  of  the 
water,  throwing  out  the  water  faster  than  it  could  flow  into  the 
space  by  the  action  of  gravity,  even  reinforced  by  the  often  still 
more  active  tendency  to  fill  the  vacuum  thus  caused.  It  was 
only  when  the  speed  of  rotation  of  the  screws  had  been  reduced 
to  2,000  revolutions  per  minute,  and  after  they  were  set  in 
series  of  3  on  the  same  shaft,  that  the  little  boat  made  her 
famous  run  and  attained  a  speed  of  82f  knots  an  hour,  and  later 
of34J. 

Trials  of  the  "  Turbinia  "  were  reported  on  by  Professor  Ew- 
ing,  thus : 

''  The  mechanical  friction  of  the  turbines  is  particularly  small, 
and  the  work  spent  on  friction  is  not  materially  increased  by 
increasing  the  range  of  expansion.  This  allows  the  steam  to  be 
profitably  expanded  much  farther  than  would  be  useful  or  even 
practical  in  an  engine  of  an  ordinary  kind.     Apart  from  ques- 
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tions  of  friction,  the  addition  of  weight  and  bulk  to  allow  for 
this  extended  expansion  would  be  enormous  in  the  ordinary 
engine  ;  in  the  turbine  it  is  very  moderate.  Steam  is  expanded 
nearly  two  hundredfold  in  the  '  Turbinia,'  and  this  is  accom- 
plished with  engines  which  are  much  lighter  than  reciprocating 
engines  of  the  same  power,  although'  in  these  the  expansion 
would  be  much  less  complete.  Bough  weather  was  met  with  in 
some  of  the  trials,  and  I  had  the  opportunity  of  seeing  that  the 
'  Turbinia '  is  for  her  size  a  good  sea-boat.  The  machinery- 
worked  with  perfect  smoothness  ;  the  screws  did  not  race,  and 
the  bearings  remained  perfectly  cool  throughout.  From  first  to 
last,  during  the  whole  of  the  trials,  there  was  no  hitch  whatever 
or  difficulty  of  any  kind  in  the  action  of  the  turbines.  Some 
twenty  trial-runs  in  all  were  made  under  various  conditions  as 
to  speed ;  the  range  of  speeds  tested  extending  from  6}  knots 
to  32f  knots.  Full-speed  trials  were  made  on  April  10th  ;  the 
boat  having  then  been  in  the  water  for  fully  a  fortnight.  Two 
successive  runs  on  the  measured  mile,  in  opposite  directions, 
in  smooth  water  and  at  the  slack  of  the  tide,  gave  the  following 
data: 

Tbial  OF  **  Turbinia." 

TiDie  on  the  mile 109.f  sees.      110  sees. 

Corresponding  speed  in  knots 82.79  32.73 

Mean  speed  in  knots 82.76 

Revolutions  per  minate  of  high-pressare  and  intermediate  shafts 2,230 

Revolutions  per  minute  of  low-pressure  shaft 2.000 

Steam-pressure  in  boiler  by  gauge 210  lb.  per  sq.  in. 

Steam-pressure  on  admission  to  high-pressure  turbine 157  lb.  per  sq.  in. 

Greatest  pressure  in  stokehold  by  water-gauge 7^  in. 

^'The  speed  reached  during  this  trial,  32.76  knots  in  the  mean, 
is,  I  believe,  the  highest  yet  recorded  for  any  vessel.  It  is 
greatly  in  excess  of  the  speed  hitherto  reached  in  boats  so  small 
as  the  *  Turbinia.'  It  is  clear,  then,  that  the  exceptional  speed 
developed  in  the  '  Turbinia '  has  been  achieved  without  sacrifice 
of  economy,  and  that  the  substitution  of  turbines  driving 
high-speed  screws,  in  place  of  reciprocating  engines  driving 
screws  of  much  more  moderate,  speed,  is  not  attended  with 
increased  consumption  of  steam,  so  far  as  fast  running  is 
concerned." 

The  success  of  the  "  Turbinia  "  led  to  the  construction,  in 
1899,  of  a  naval  "torpedo-boat  destroyer,"  "Viper,"  and  this 
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craft,  only  210  feet  in  length,  of  375  tons  displacement,  cleyelop- 
ing  11,(K*0  horse-power  on  15.000  square  feet  of  heating  stnd  376 
feet  of  grate  surface,  in  water-tube  boilers,  with  steam  at  173 
pounds  by  gauge,  at  1,050  revolutions  of  the  turbines,  made  over 
37  knots,  above  43  miles,  an  hour.  The  contract  speed  was  35 
knots.  The  turbines  were  two  high  and  two  low  pressure,  each 
driving  a  separate  shaft  carrying  two  propellers.  The  turbines 
were  35  and  50  inches  in  diameter.  No  vibration  was  produced 
by  the  engines  and  the  engine  room  was  so  quiet  that  it  was 
hardly  possible  to  realize  the  presence  of  engines  developing 
over  10.000  horse-power.  Here,  as  in  all  craft  of  the  sort,  the 
extraordinary  performance  in  power  production,  once  all  is 
understood,  is  that  of  the  boilers ;  that  of  a  horse-power  for 
each  1  i  square  feet  of  heating  surface,  and  from  each  square 
toot  of  grate  about  30  ^itt  horse-power.  This  is  probably  the 
most  extraordinary  phenomenon  in  this  or  any  other  exainple 
of  marine  engineering. 

■Steam  turbines  of  great  size  and  power  are  likely  soon  to  be 
produced  for  many  purposes,  now  that  their  performance  lias 
been  found  so  satisfactory,  and  especially  for  torpedo-boat  work, 
and  their  construction  on  a  large  scale  will  enable  the  engineer 
promptly  to  settle  many  questions  of  interest  which  the  earlier 
work  on  small  machines  could  not  fully  solve.  It  would  seem 
that,  as  with  the  gas  engines,  the  larger  the  scale  of  operation, 
the  simpler  the  problems  of  design  and  construction  and  the 
easier  the  approximation  of  the  real  to  the  ideal  in  perfecting  the 
system  of  energy  conversion.  Large  turbines  are  comparatively 
low  in  speed  of  revolution,  and  it  is  considered  that  it  would  be 
entirely  practicable  to  build  an  ocean  steamer  of  large  size, 
driven  by  turbines  of  30,000  or  40,000  horse-power,  or  more  if 
needed,  at  speeds  of  revolution  as  low  as  400  per  minute  or 
lower,  employing  four  shafts  and  eight  screws,  requiring  mini- 
mum steam  and  fuel  for  their  work,  while  economizir^  enor- 
mously in  space  and  weight.  There  would  be  no  vibration  or 
noise  annoying  to  passengers,  and  their  simplicity  of  construc- 
tion and  freedom  from  the  midtitudinous  bearings  of  the  now 
usual  construction  of  engine  would  giTe  insurance  against  either 
breakdown  or  minor  troubles  and  delays  from  heated  journals, 
leak^es  about  the  engine,  or  other  annoyances  and  expenses  in- 
separable from  the  reciprocating  machine.  Steam  pressures 
L  can  be  adopted  at  the  maximum  practicable   with  the  steam 
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boilers  of  contemporary  practice,  whatever  the  limit  may  be. 
That  limit  will  thenceforwarJ  always  be  found  at  the  boiler. 

The  General  Theory  of  the  Steam  Turbine  is  simple  and  is 
precisely  that  of  the  piston  eugine.  so  far  as  its  thermodynamics 
are  concerned.  In  both  engines  the  heat  stored  in  the  fuel  is 
transferred  to  a  liquid  which  it  converts  into  vapor,  the  heat 
itself  being  transformed  into  the  latent  heat  of  internal  and  of 
external  work,  in  large  part,  and  in  lesser  part  transferred  with- 
out transformation  as  the  added  sensible  heat  of  the  forming 
steam.  The  work  of  the  period  of  vaporization  consists  of  that 
of  separation  of  the  moiecnles  of  the  liquid,  the  internal  work, 
and  of  the  expansion  of  the  fluid,  from  the  specific  volume  of 
the  liquid  to  that  of  the  steam,  against  the  superincumbent 
steam  pressure  with  displacement  of  a  corresponding  volume  of 
steam  from  the  boiler  through  the  turbine.  This  change  is 
succeeded  by  expansion  from  maximum  to  minimum  pressure, 
practically  adiabatically  ;  for  the  temperature  of  every  element 
of  the  enclosing  metal  is  constant,  and  equal  to  that  of  the  steam 
in  contact  with  it,  throughout  the  whole  period  of  steady  oper- 
ation, and  all  tlie  work  of  adiabatic  expansion  takes  effect  in  the 
acceleration  of  the  steam  in  the  jet.  The  pressures  and  volucteH 
have  the  same  relation  throughout  this  period  of  acceleration 
in  the  nozzle  as  behind  the  piston  of  a  reciprocating  engine  \ 
the  law  of  Newton,  "action  and  reaction  are  equal  and  opposite," 
aotoniatically  adjusting  the  resistance  of  acceleration  to  the  in- 
stantaneous value  of  the  steam  pressure  at  every  point  in  the 
path  of  the  jet  through  the  nozzle.  The  cycle-diagram  of  the 
turbine  with  complete  expansion,  whether  simple  or  compound, 
is  thus  precisely  the  same  aa  that  of  the  ordinary  engine  of 
similar  initial  and  back  pressures  and  of  equal  ratio  of  adiabatic 
expansion ;  the  latter  being  assumed  possible,  for  the  ideal  case 
at  least. 

The  reaction  turbine  and  the  impact  turbine  have  this  in 
common  :  that  both  convert  heat-energy  into  work  by  the  same 
thermodynamic  process  and  both  exhibit  the  same  phenomena 
of  steam  production  and  utilization,  thermodynamicallj'.  They 
have  this  difference :  that  the  former  accelerates  the  jet  of  steam 
ftctaattng  it,  by  its  own  rotation,  and  by  the  action  of  centrifu- 
gal force,  and  in  such  manner  as  to  compel  a  higher  resultant 
speed  tor  a  stated  efficiency  and  such  as  to  make  the  velocity 
of  orifice,  for  unit  efficiency,  infinite ;   the  velocity  of  the  jet 
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relatively  to  the  nozzle  is  also  infinite  while  falling  to  absolute 
velocity  zero ;  while  the  impact  turbine  receives  the  jet  at  the 
maximum  velocity  due  the  steam  pressure  behind  it,  simply,  and 
steadily  reduces  that  velocity  to  a  minimum.  The  mathematical 
theory  of  both  cases  is  perfectly  well  established  and  familiar, 
and  need  not  be  here  recapitulated,  so  far  as  the  non-thermo- 
dynamic  mechanics  of  the  problem  are  concerned.* 

The  impact  turbine  is  that  form  in  which  the  engineer  finds 
most  promise,  and  its  study  is  worthy  of  some  attention.  Its 
ideal  thermodynamic  cycle,  as  already  seen,  is  that  of  the  pis- 
ton steam  engine,  and  modifications  in  practice  are  or  may  be  the 
same,  with  the  very  important  exception  that  the  expansion 
line  of  the  diagram  may  be  always  taken  as  adiabatic,  the  ideal 
being  here  attained — an  impossibility  with  any  other  known 
form  of  steam  engine  or  heat  motor.  The  terminal  and  back- 
pressures may  correspond  to  those  of  either  the  condensing  or 
the  non-condensing  engine  and  the  perfection  of  the  diagram 
and  of  the  cycle  which  it  illustrates  involves,  as  with  the  ordi- 
nary form  of  engine,  the  adoption  of  compression  to  an  amount, 
in  the  case  of  incomplete  expansion,  proportional  to  the  expan- 
sion, making  the  two  ratios  of  expansion  and  compression  equal, 
and,  in  the  case  of  complete  expansion,  restoring  the  fluid  by 
complete  compression  to  maximum  temperature  and  pressure 
in  the  liquid  state  by  mechanical  means  solely ;  thus,  in  fact, 
producing  the  Camot  cycle. 

The  first  discussion  of  the  steam  turbine,  from  the  point  of 
view  of  applied  mechanics  known  to  the  writer,  is  that  of  M. 
Tournaire,  who,  in  1853,  stated  the  problem  and  the  conditions 
leading  to  its  satisfactory  solution  in  a  very  clear  and  compre- 
hensive manner.  +     He  says : 

''The  elastic  fluids  acquire  enormous  velocities  under  the 
action  of  very  feeble  pressures.  To  utilize  these  velocities  con- 
veniently, with  simple  wheels  like  the  hydraulic  turbines,  it  is 
necessary  to  adopt  an  extraordinarily  rapid  rotation,  and  to  make 
the  total  section  of  the  orifices  very  small,  even  for  large 
deliveries  of  fluid.  These  difficulties  may  be  evaded  by  causing 
the  vapor  *  or  the  gas '  (the  italics  are  inserted  by  the  translator) 


^See  ^'ThermodTDamics  of  Heat-Motors   and  Refrigerating  Machines,"  by 
De  Volson  Wood  ;  §§  157,  158 ;  pp.  309-317,  for  discussion  of  the  turbine. 
f  •*  Comptes  rendus  de  TAcad^mie  des  Sciences,"  March  28,  1858. 
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to  loae  its  tension  in  a  contiuuoiis  and  gradual  manner,  or  by 
saccessiTe  fractions,  and  making  it  react  several  times  on  the 
vanes  of  turbines  properly  arranged." 

He  then  proceeds  to  illustrate  by  describing  a  series  turbine, 
of  the  axial  type,  passing  the  steam  through  a  succession  of 
guide  curves  and  turbine  disks,  alternately  from  the  high  to  the 
low  pressure  side,  substantially  as  practised  by  Parsons  a 
generation  later  when  "  reducing  the  invention  to  practice,"  as 
Tournaire  seems  never  to  have  done.  This  pioneer  of  1853 
proposes  not  only  a  series  turbine,  but  a  series  of  these 
machines,  where  the  range  of  pressure  may  justi^-  such  compli- 
cation, each  multiple  turbine  discharging  its  steam  at  the  limit  of 
its  expansion  into  the  next  turbine  of  a  similar  construction,  but 
in  structure  entirely  independent,  and  so  on  to  the  atmosphere 
or  the  condenser,  precisely  ns  the  multiple  cylinder  or  series 
steam  engine  may  be  made  of  a  series  of  independent  engines 
arranged  to  pass  the  steam  from  the  boiler  through  one  after 
the  other,  from  smallest  to  largest  between  boiler  and  conden- 
ser. He  further  describes  very  clearly  the  sources  of  losses 
"  tending  to  diminish  the  useful  effect,  as  leakage,  irregular  flow, 
shocks,  tourbilhmnements,  at  entrance  of  the  fluid  into  the 
guides  and  vanes,  fluid  friction  in  the  channels,  which  may 
absorb  a  very  notable  part  of  the  theoretic  work."  "  Great  care 
and  precision  "  must  be  observed  in  the  construction  of  a  turbine 
to  be  actuated  by  a  fluid  of  high  tension  and  small  density,  and 
the  lines  of  flow  must  be  thoughtfully  considered.  The  teeth 
of  gearing  employed  at  these  immense  velocities  of  rotation 
should  be  skilfully  made,  and  it  is  probable,  as  he  states,  "that 
the  helicoidal  gearing  of  White  may  prove  best,"  a  form  actually 
ntilized  by  Dow  many  years  later,  and  by  Laval  still  later, 

A  successful  steam  turbine  involves  the  determination  of  the 
precise  forms  and  proportions  of  the  jets  supplying  steam  to  the 
machine ;  their  proper  length  and  sweep ;  the  similar  problem 
of  the  vanes  and  channels  in  the  wheel ;  the  best  speed  of  rota- 
tion and  size  of  disk  for  the  stated  conditions  ;  the  safe  construc- 
tion of  the  revolving  disks ;  the  choice  of  a  metal  for  these  disks 
capable  of  safely  sustaining  the  enormous  stresses  of  centrifugal 
forces,  and  of  carrying  with  safety,  and-  toithoid  distoi-tion,  the 
buckets  set  on  its  periphery  where  not  solid  with  the  wheel ;  the 
provision  of  perfect  static  and  running  balance  and  equilibrium ; 
the  reduction  of  friction  of  disks  spinning  25,000  revolutions  a 
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minute,  in  some  cases  even  more,  in  contact  with  high-preasnre 
steam  on  the  one  Land  and  the  vapor  of  the  condeneer  or  the 
air  on  the  other,  and  the  free  and  certain  and  economical  Inbri- 
oatioD  of  rubbing  surfaces  of  metal  in  journals  and  bearings. 

The  principles  involved  ia  these  several  problems  of  detail 
are  usually  very  simple,  and  are  well  understood  by  every  well- 
informed  engineer.  The  steam  pressure  must  be  as  high  as 
practicable;  the  fluid  must  develop  fully  its  energy  of  flow 
from  the  latent  energies  of  the  steam  stored  at  the  boiler ; 
these  energies  must  be  as  gi'adually  and  steadily  developed 
in  useful  form  as  possible,  in  guide  channels  formed  so  as  to 
produce  maximum  velocity  of  delivery  without  loss  by  eddies  or 
friction  or  leak.  The  steam  should  be  delivered  upon  the  wheel 
and  entered  into  its  channels  without  shock  or  leak  or  irregu- 
larity of  flow,  and  must  leave  them  with  minimum  mechanical 
energy,  just  flowing  out  of  the  way  of  tlie  succeeding  particles. 
Speeds  of  rotation  must  be  precisely  those  exacted  by  the  pres- 
Bures  adopted;  proportions  of  receiving  and  delivering  sides 
must  be  similarly  adapted  to  the  work  ;  materials  must  be  not 
only  strong  but  tough ;  fits  must  be  accurate,  without  permit- 
ting contact  of  parts  having  rapid  relative  movement:  lubrica- 
tion should  be  effected  with  a  suitable  unguent  flooding  the 
parts ;  steam  should  be  superheated,  and  the  vacuum  as  perfect 
as  possible. 

In  all  forms  the  obstacles  to  be  overcome  by  the  engineer 
are  the  same  and,  as  a  rule,  similar  expedients  are  adopted  by 
all  for  the  purpose.  In  all,  the  speed  of  linear  travel  of  the 
turbine  vane  must  be  enormously  great,  too  great,  by  far,  for 
satisfactory  attainment,  or  for  convenient  utilization  in  connec- 
tion with  other  mechanisms,  and  in  all  tlie  ultimate  velocity  of 
exit  from  under  pressure  cannot  be  made,  after  a  moderate 
pressure  is  attained,  to  increase  with  rising  boiler  pressures,  if 
issuing  from  plain  orifices  ;  and  in  all  it  is  a  problem  of  impor- 
tance to  secure  the  issue  of  the  steam  in  a  compact  and  well- 
defined  jet,  capable  of  being  dii'ected  with  precision  into  the 
receiving  buckets  of  the  wheel.  To  secure  this  compact  jet  and 
to  turn  it,  at  its  enormous  velocity  of  issue,  into  buckets  flying 
at  not  less  than  one-half  this  velocity,  and  in  them  to  so  manip- 
ulate the  kinetic  energy  of  the  fluid  as  to  absorb  without  waste 
any  large  proportion  of  its  total,  constitutes  the  problem  for 
all — a  very  simple  but  a  somewhat  difficult  one,  and  one  which 
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Tills  say.  la  in.  cne  TrLcer-Trheel.  be  excher  vlt*vvU»jH:>vl  bv 
immediiite  sod  complete  .i^cTur^ioc  iz^^  ch^  kiu^iio  ^iier^v  of  ti 
freelT-iiKmiig  jet.  beS^pr  iuij  pt:r:ion.  l<  tnuisiormed  iii(v>  usoful 
wovk,  or  ik  mjnr  be  pskmij  deTrL-^p^rd  as  puwly  kiuetio  ouor^v 
and  pardT  as  the  energy  of  pDfssxir>?  oTiervvruiu^  cho  i\>sistniuH> 
of  the  load  dizectlT.  as  ulTiscr^sel  in  zh^  <'ss^  ot  tht>  hvilmuUo 
motor,  bj  the  impact  and  the  pressure  turbines.  i^ixUiuu'ily, 
howerer,  the  steam  turbine,  even  more  than  the  water- whoel,  is 
best  operated  on  the  £rsr  system,  as  it  is  less  liable  to  leuia^^o 
or  waste. 

2.  All  sources  of  waste,  during  the  prvKVss  of  prmluetioii  of 
ntilizable  kinetic  energy,  as  through  friotioiu  leakage  lU*  irregu- 
larity of  flow,  or  in  the  form  of  a  jet,  should  Ih>  autioiputod  and 
proTided  against  effectively  in  such  manner  that  tln^  full 
amount  of  available  primary  energy  may  W  developtul. 

3.  The  transfer  of  the  energy  of  the  jet  to  the  turbine  nluuild 
be  completely  effected.     The  jet  shonhl  be  direeted,  prerisniy, 
into  the  buckets ;  it  should  be  taken  into  tlie  paHmigt^s  of  tht^ 
wheel  without  disturbance  of  its  tlow  ;  shouUl  be  guidiMl  stt'iniily 
and  smoothly  into  a  reversed  path  ;  should  be  brought  to  ii  rt^ii 
tive  velocity  on  the  vane  nearly  etjual   to  iln^  viHli»cily  of  tlit« 
latter  with  respect  to  the  earth,  and  should  lu^  iiion  allnwril  Ut 
issue  with  minimum  final  voloei ty  and  slon^  of  kint't.it*  t^mrgy, 
and  with  expansion   as   coniploio  as  prac^iicahlr,   into  i\^t^  nl 
mosphere  or  the  condenser.     i\r(>antinu\  ilin  pasHagcH  Hhouhl  bn 
smoothly  graded  in  cross-section  from  tho  point  of  nircptiiMi  of 
the  jet  to  the  point  of  discharg(;,  in  such  nuinnnr  that  thi^  law  of 
flow  just  enunciated  should  bo  nnLintain«Ml  and  thi^  piopii  mIh 
tion  of  increasing  volunies  and  (hu'ritasing  pruHNun^H  pn'S'-rvcil, 
without  sudden  variations  of  rato  of  flow. 

These  principles  being  obs<;rv<Ml,  tin;  form  of  thi*,  appatatu^.  oi 
the  type  of  the  machine  may  havo  no  inibjcnco  nj^/n  tJn-  ti]\ 
ciency  attainable ;  but  the  com[dian<Mt  with  tlKs^i*.  «'.oii<liti«/iJt-,  «/f 
maximum  effect,  while  se^^king  low  wp<'i;d  (if  tofuliou  nwi  \h* 
satisfaction  of  the  demands  of  pi-aftirftl  ''.onsltucliou  and  ijppjj 
cation  to  specified  purjx>Hf:H,  may  involve.,  as  <J»iwh4i<    f-^tit. 
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the  exercise  of  much  ingenuity  and  great  constructive  skill,  and 
may  give  rise  to  a  variety  of  forms  of  detail.  The  essential  re- 
quirement at  the  point  of  delivery  of  the  current  upon  the  tur- 
bine is  attained  by  careful  shaping  and  proportioning  of  the 
nozzle  with  a  view  to  insuring  steady  volumetric  change  and 
steady  flow,  from  the  interior  of  the  boiler  to  the  orifice,  from 
which  a  compact  and  straight-lined  jet  is  to  issue.  The  essen- 
tial requirements  in  receiving  the  jet  upon  the  wheel  and  in 
converting  its  kinetic  energy  into  useful  work,  are  the  smooth 
and  gradual  change  of  section  of  the  wheel  passages  from  point 
of  reception  to  point  of  final  delivery  of  the  fluid  from  the  tur- 
bine, while  providing  for  equally  smooth  and  steady  change  of 
direction  of  flow,  relatively  to  the  wheel  and  to  the  earth,  in 
such  manner  that  the  flow  will  be  ultimately  completely  re- 
versed on  the  wheel  and  reduced  to  as  nearly  zero  as  may  be 
found  practicable  with  respect  to  the  earth ;  and  while  secur- 
ing freedom  from  wastes  by  leakage,  by  friction  or  by  non- 
adaptation  of  the  speed  of  rotation  of  the  wheel  to  both  the 
speed  of  the  jet  and  the  velocity  of  rotation  of  the  driven 
mechanism.  Meantime,  the  reduction  of  fuel  and  steam  con- 
sumption to  a  minimum  thus  assured  should  be  accompanied 
by  a  reduction  to  a  safe  minimum  limit  of  the  weight,  volume 
and  rotative  velocity  of  the  turbine.  The  delivery  velocity  of 
the  jet  is  usually,  in  the  Laval  practice,  at  least,  about  3,000 
feet  per  second ;  that  of  the  receiving  edge  of  the  wheel  should 
be  about  one-half  this  speed,  or  respectively  35  and  17^  miles 
per  minute  (2,100  and  1,050  miles  per  hour).  The  velocities  are 
actually  usually  about  1,200  feet  per  second,  nearly  15  miles  per 
minute  and  840  per  hour,  figures  which  obviously  involve  enor- 
mous centrifugal  forces  and  as  extraordinary  strength  in  the 
materials  of  which  the  turbine  disk  must  be  composed. 
The  stored  energy  of  the  jet,  per  unit  of  weight,  is 

which,  for  the  above  velocities  per  second  of  the  effluent  steam, 
becomes 

E  =  3,000764.4  =  140,000  foot-pounds,  nearly, 

for  each  pound  weight  of  steam  supplied.     This  energy  is  so 
great  and  the  inertia  of  the  mass  so  effective,  that  it  is  found 
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by  direct  experiment  that  there  is  very  little  tendency  for  the 
jet  to  expand  laterally,  where  permitted  opportunity  to  move 
forward,  as  when  entered  into  the  wheel-passages  immediately 
on  issuing  from  the  jet-nozzle.  It  is  also  evident  that  the  de- 
sign of  the  turbine  is,  apart  from  properly  proportioning  the 
passages,  mainly  a  problem  in  meeting  the  inertia  or  centrifugal 
stresses,  and  that  the  steam  pressures  dealt  with  are  compara- 
tively unimportant.  It  is  for  this  reason  that,  in  small  turbines, 
the  passages  are  milled  out  of  solid  steel  disks  and  that,  in 
all  cases,  metals  of  high  tenacity  are  selected  for  their  con- 
stmction. 

Where  the  compound-turbine  is  adopted,  and  the  velocity  of 
rotation  is  reduced  to  a  fraction  of  that  exacted  in  the  simple 
turbine  of  high  efficiency,  strength  of  material  is  less  a  prob- 
lem; but,  even  with  the  lowest  speeds  as  yet  secured,  these 
forces  are  not  to  be  ignored.  With  the  compound-turbine,  the 
same  proportions  of  successive  sections  of  wheel  and  guide 
passages  are  to  be  provided;  but  they  are  distributed  over  a 
path  which  wanders  from  jet  to  wheel,  to  guide,  to  wheel  again 
—from  the  one  to  the  other  alternately — sometimes,  as  in  some 
of  the  Parsons  turbines,  through  the  passages  of  30  or  even  40 
disks  and  their  accessory  guides.  The  proportions  are  easily 
determined  by  laying  down  the  adiabatic  curve  for  the  case 
assumed  and  makiug  the  passages  follow  in  their  relative  sec- 
tions the  order,  relatively  to  pressures,  thus  found.  For  veloc- 
ities, the  formula  of  Zeuner  may  probably  be  accepted  as  sub- 
stantially correct.  This  gives,  for  expansion  from  6  atmos- 
pheres to  1,  a  velocity  of  outflow  of  jet  of  2,600  feet  per  second 
and  the  velocity  into  a  vacuum,  giving  0.1  atmosphere  back- 
pressure, from  the  same  initial  pressure,  4,600  feet. 

The  discharge  may  be  computed  by  Napier's  formula, 

^    "  70  ' 

where  W  is  the  weight  discharged  per  second ;  p  is  the  abso- 
lute steam  pressure  in  pounds  per  square  inch ;  a  is  the  area 
of  the  orifice  in  square  inches;  and  70  is  the  constant  deter- 
mined by  Napier's  original  experiments.  This  formula  was 
checked  by  a  series  of  experiments  in  the  Sibley  College  labor- 
atories, in  1897-8,  using  a  nozzle  of  the  type  employed  in  the 

steam  turbine,  but  only  |  inch  in  length  and  with  carefully 
13 
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rounded  entrance,  and  while  shapes  and  proportions  of  nozzles 
and  method  of  dealing  with  the  outflowing  steam  in  measuring  it 
were  found  to  affect  the  results,  it  was  concluded  that  the  for- 
mula was  substantially  correct  for  the  case  in  hand. 

The  wastes  of  energy  in  the  steam  turbine  differ,  in  some  re- 
spects, as  to  character  from  those  of  the  common  type  of  en- 
gine, and  consist  of  losses  by  conduction  and  radiation,  in  small 
proportion  from  the  exterior  of  the  system,  as  in  the  ordinary 
machine,  of  friction  wastes  of  small  amount  in  the  turbine,  so 
far  as  produced  by  rubbing  of  parts  in  contact,  as  contrasted 
with  comparatively  large  amounts  in  the  reciprocating  engine^ 
and  of  often  large  amounts  of  fluid  friction  in  the  turbine  within 
the  working  apparatus  as  compared  with  yery  small  quantities 
within  the  steam  cylinder  of  the  piston  machine  ;  while  the  latter 
is  subject  to  large  losses  through  "  cylinder  condensation  "  for 
which  no  equivalent  appears  in  the  turbine.  Leakage  probably 
is  the  cause  of  much  larger  wastes  in  the  turbine,  proportion- 
ally, than  in  the  standard  engine.  Vibration  and  jar  occur,  in 
serious  degree,  at  times,  with  the  reciprocating  engine  and  are 
absent  from  the  properly  built  turbine. 

Of  these  losses,  the  external  wastes  by  radiation  and  conduc- 
tion can  be,  in  either  engine,  made  unimportant  by  careful  pro- 
tection by  non-conducting  coverings;  leakage  requires  more 
perfect  construction  in  the  turbine  for  its  extinction  than  in 
the  ordinary  motor;  friction  in  the  former  is  so  largely  internal, 
and  especially  is  in  such  proportion  fluid  friction,  that  it  is  in 
less  degree  subject  to  absolute  waste  as  energy ;  since  it  is  pro- 
ductive of  heat  in  full  proportion  and  this  heat  assists  in  main- 
taining the  steam  dry  during  the  period  of  expansion  and  pro- 
motes adiabatic  expansion  by  compensating  the  losses  of  heat 
externally.  By  extending  the  period  of  expansion  also,  until  an 
equivalent  amount  of  energy  is  developed,  before  rejection  from 
the  turbine  disk,  this  equivalent  heat  and  work  can  be  regained 
in  cases  in  which  the  expansion  is  not  originally  complete,  al- 
ways provided,  of  course,  that  the  added  work  of  expansion  does 
not  exceed,  in  total  cost,  the  value  of  the  recovered  energy. 
The  comparatively  large  internal  friction  thus  affords  oppor- 
tunity for  recovery  in  the  turbine  in  larger  proportion  than  in 
the  ordinary  machine. 

We  have  found  reason  to  believe  that  the  friction  of  fluids  in 
contact  with  the  spinning  disk  of  the  turbine  or  in  the  eddying 
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stream  of  fluid  may  haye  an  important  influence  upon  the  effi- 
ciency  of  the  turbine  at  such  enormous  speeds  of  relative  mo- 
tion as  we  find  in  this  apparatus.  The  total  friction  of  the  10 
horse-power  Laval  turbine  of  Sibley  College  is  2.4  horse-power, 
nearly  ^  its  ratio  delivery,  and  practically  constant,  of  course, 
at  all  loads.  The  rate  of  absorption  of  energy  of  a  turbine  disk 
spinning,  initially,  15,000  revolutions  per  minute,  in  steam  at  at- 
mospheric pressure,  was  found  by  Wissler,  at  Sautter-Harle,  to 
be,  as  a  mean,  3,000  revolutions  per  minute,  and  the  whole 
energy  of  the  disk  considered  as  flywheel  was  lost  in  5  minutes, 
converted  into  the  work  of  friction  of  disk  and  bearings,  appar- 
ently in  nearly  equal  parts,  and  reconverted  into  wasted  heat. 

A  weight  of  10  pounds,  spinning  with  a  mean  velocity  of  only 
100  feet  per  second,  would  store  energy  amounting  to 

10  X  10,000/64.4  =  1,558  foot-pounds. 

At  the  more  common  mean  velocity  of  high-speed  turbines,  it 
would  store 

10  X  90,000/64.4  =  13,977  foot-pounds. 

If  this  were  lost  in  five  minutes,  the  deduction  follows  that 
about  2,800  foot-pounds  may  thus  be  transformed  into  friction 
per  minute  and  within  an  atmosphere  of  dry  steam  issuing  from 
a  non-condensing  turbine,  or  if  the  turbine  be  rated  at  10  horse- 
power, a  mean  of  about  1  per  cent,  of  its  nominal  power,  a  loss 
increasing  with  the  proportion  of  moisture  present ;  while  at 
the  maximum  the  loss  would,  at  uniform  full  speed,  be  several 
times  that  figure. 

Leakage  is  obviously  a  serious  matter  with  these  motors,  and 
the  closest  of  fits  and  finest  of  workmanship  are  needed  to  in- 
sure against  a  large  loss  of  efficiency  through  this  action.  When 
it  is  realized  that  a  nozzle  of  a  square-inch  section  may  supply 
steam  for  300  to  500  horse-power  in  steam  motors,  and  that  a 
clearance  of  but  one  one-hundredth  of  an  inch  around  the  cir- 
cumference of  the  turbine-disk  will  permit  some  such  waste,  it 
is  easily  seen  that  here  may  often  be  a  reason  for  the  falling  off 
of  the  output  and  the  economy  of  the  machine  50  per  cent,  or 
more.  The  desideratum  at  this  point  is  absolute  tightness  of 
fit  with  no  liability  to  rubbing  friction  and  variation  of  fit  with 
pressure  or  temperature.  It  should  be  possible  to  secure  an 
efficiency  with  the  steam  turbine,  practically  equal  to  that  of 
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the  best  hydraulic  turbine,  approximating  80  per  cent.,  but  not 
until  fluid  friction  and  leakage  can  be  substantially  suppressed. 
The  Bankine  cycle  being  taken  as  representative  of  the  ideal 
case  of  the  turbine  as  now  constructed,  we  find  that  the  meas- 
ure of  the  utmost  effective  work  of  the  machine  operating  be- 
tween />,  and  JO,,  T^  and  Tg,  as  deduced  by  both  Bankine  and 
Clausius,  is 

where  measured  in  dynamic  units  and  when  27  is  in  foot  pounds 
J  is  778 ;  C  is  the  specific  heat  of  the  liquid  at  absolute  tem- 
perature T,  ;  and  r  is  the  latent  heat  of  vaporization  at  the 
same  temperature  in  thermal  units.  All  the  constants  are  well- 
known  and  very  accurately  determined  by  Begnault  and  his 
successors.  The  quotient  of  this  quantity,  in  any  given  case, 
by  the  mechanical  equivalent  of  the  heat  supplied  in  production 
of  the  steam  yielding  this  work,  measures  the  efficiency  of  the 
operation ;  which  rarely  equals  one-fourth  in  the  very  best  of 
existing  actual  heat-motors  and  which  is  now  usually  about  20 
per  cent,  in  the  best  classes  of  steam  engines  operating  with  dry 
steam  of  high  tension  and  with  large  expansion. 

Approximate  expressions  of  convenient  form  and  sufficiently 
accurate  for  general  use  by  engineers  have  been  proposed  by 
various  authorities,  among  whom  Rankine  was  one  of  the  most 
successful ;  as,  for  example,  where  he  finds,  for  the  case  of  the 
non-conducting  cylinder,  the  equivalent  of  the  case  in  hand  : 

Energy  per  cubic  foot  of  steam  admitted, 

K  =  rpe  =  r  (pm-p,)  =p,  (10  ~9r-*)  -  rp, ; 

where  r  is  the  true  ratio  of  expansion  ;  p  is  the  mean  effective 
pressure ;  p^  is  the  mean  total  pressure ;  p,  is  the  back  pres- 
sure ;  all  in  British  units,  pounds,  feef,  and  foot-pounds. 

The  heat  expended  is  similarly  found  to  be,  approximately, 
in  foot-pounds  per  cubic  foot : 

HB/r  +  (13^^i  X  4,000)  -4-r ; 

where  //is  the  heat  per  pound  and  D  the  weight  per  cubic  foot 
of  the  fluid  ;  j9,  is  the  pressure  per  square  foot,  as  above,  at  the 
boiler. 
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Steam-Tdrbinb  Cycles.* 

.  Bankine-Clausius  Cycle  :  No  Compression, 

Ideal  case ;  pa  =  Pj  =  2  ;  condensing ;  Tt  —  587°. 
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Camot  Cycle:  Full  Compression. 
Ideal  case  ;  pa  =  p.  =  2  ;  corresponding  to  Ta  =  587**. 
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The  Ideal  Bankine  Non-conditcting  Engine,  with  2  pounds  back 
pressure,  and  a  terminal  pressure  on  the  expansion  line  of  7 
pounds  per  square  inch,  should  have  an  efficiency  measured  by 
a  consumption  of  heat  in  British  thermal  units  per  horse- 
power per  hour  of  about 

H  =  20,000/7ogr.  p,  (ideal). 


*  *'  Standard  of  Efficiency  for  Heat  Engines,"  Journal  Franklin  Institute,  De- 
cember, 1896,  January,  1897,  R.  H.  Thurston;  also  "Manual  of  the  Steam 
Engine,"  fourth  edition,  p.  1002.     Trans.  A.  S.  M.  ^.,1891. 
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A  criterion  by  whicli  such  an  engine  may  perhaps  be  best 
judged  and  compared  with  other  steam  engines  of  varying  con- 
ditions, especially  steam  pressure,  is  the  magnitude  of  the  value 
of  the  constant  a  in  the  expression  for  quantity  of  heat  con- 
sumed, per  horse-power  per  minute  or  per  hour,  already  given, 


hgpy  ' 

The  values  of  the  constant  a  have  been  found  to  be,  for  the 
ideal  case  of  Oamot,  about  18,000  British  thermal  units  per 
hour,  and  to  range  upward  to  36,000  for  the  best  classes  of  sim- 
ple engines ;  while  the  best  examples  of  triple  and  quadruple 
expansion  machines  give,  respectively,  about  27,000  and  26,000 
where  pi  is  the  steam  pressure  in  pounds  on  the  square  inch. 

The  best  records  for  the  simple  engine  with  dry  and  saturated 
steam,  to  date,  appear  to  approximate 

J5r=  36,000/%.  pi  (simple); 
those  for  the  best  compound  engines  similarly  approach 

H-  32,000/%.^  (compound); 

those  for  the  best  class  of  triple-expansion  engines  give 

H  =  27,000/%.  pi  (triple), 

and  those  for  the  best  class  of  quadruple-expansion  engines 
attain  approximately 

H  =  26,000/%.  p^. 

For  dry,  saturated  steam,  such  as  is  probably  fairly  to  be  as- 
sumed to  be  secured  with  moderate  superheating  in  the  steam 
turbine  and  where  only  adiabatic  condensation  takes  place, 
Bankine  obtains  approximations,  thus : 

Energy  exerted  on  the  engine  by  one  pound  of  steam — 


U 


=  -^2]   pi  (17  r^  -  16  r||)  -  ^  |; 


where  v  is  the  volume  at  the  end  of  expansion ;  pi  and  p^  are 
the  initial  and  back  pressures ;  r  the  total  ratio  of  expansion  as 
before. 

*  See  *•  Manual  Steam  Engine,"  vol.  i.,  cbap.  vili.;  Trans,  A,  S.  M,  E.,  18W. 


THE  STEAM  TUBBINE.  199 

Heat  expended  per  pound  of  steam : 

MM.  Bateau  and  Bey  have  found  approximate  expressions 
for  metric  measures  of  the  consumption  of  steam  for  the  ideal 
case,  the  quantity  of  work  per  unit  weight  being  the  maximum, 
as  above,  and  give 

K^  0,85  +  (a95  -  0.92  log  Pi)/{logpi  -logpi); 

where  pi  and  ^2  &re  the  initial  and  final  pressures,  t 

Pressures  are  in  kilograms  per  square  centimeter ;  K  in  kilo- 
grams per  metric  horse-power  hour.  The  formula  is  stated  to 
be  correct  to  within  0.002,  for  values  less  than  15  kilograms  per 
horse-power  hour.  M.  Bateau  calls  attention  to  the  fact  that 
the  formula  exhibits  clearly  the  advisability  of  insuring  a  low 
back-pressure  and,  with  condensation,  a  very  perfect  vacuum4 
Professor  Mollier,  in  1898,  proposed  the  following : 

K=  (6.85  —  0.9  logpi)  /  (Jog  pi  —  log  pi)^ 

which  is  a  trifle  less  accurate,  but  simpler.§ 

The  proportion  of  steam  condensed  in  adiabatic  expansion  is 
known  to  be  accurately : 

=  i-r,/j?,.  {jiog,^^  +  ^y. 


nis 


where  Ti  and  T2  are  absolute  temperatures,  initial  and  final, 
and  Hi  and  H  are  corresponding  latent  heats  of  vaporization. 
The  values  of  m^  range,  from  insignificant  amounts,  in  the  older 
forms  and  proportions  of  engines  employing  low  steam  pres- 
sures, to  about  1^  per  cent,  per  unit  ratio  of  expansion,  as  oper- 
ating in  modem  engines  at  high  pressures  and  as  observable  in 
the  steam  turbine.ll  For  example  :  it  amounts  to  15  per  cent,  in 
expanding,  as  in  the  triple -expansion  engine,  from  140  pounds 


♦  Kankiue's  "Prime  Movers,"  part  iii.,  chap,  iii.,  sec.  v.,  p.  875.  Thurston's 
*'  Manual  of  the  Steam  Engine,"  vol.  i.,  chap,  v.,  p.  421. 

f  "  Annales  des  Mines,"  Fevrier,  1897. 

t "  Rapport  sar  les  Turbines  ^  Vapeur,"  Congres  Intemation<U  de  Mecanique, 
Paris.  1900. 

g  Zeiisehr\fl  des  Vereines  detUscher  Jngenieure,  June,  1898. 

I  **  Manual  of  the  Steam  Engine/'  vol.  i  ,  pp.  439-440. 
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to  7  and  to  10  per  cent,  between  140  and  20  pounds,  absolute, 
and  is  nearly  in  proportion  to  the  ratio  of  expansion  at  low  ini- 
tial pressures  and  moderate  cut-offs. 

The  Discharge  from  Steam  Nozzles^  and  orifices  in  thin 
plates  as  well,  differs  very  greatly  from  the  discharges  from 
similar  conductors  of  liquids,  since  the  elasticity  of  the  fluid 
comes  into  play  and  the  ratio  of  pressures,  initial  and  final,  in 
practice  is  very  great  in  the  steam  motors.  The  weight  flowing 
from  the  nozzle,  per  unit  of  time,  is  measured  by 

W=  VD8; 

where  V  is  the  velocity,  D  the  density  of  the  fluid  at  the  point 
taken  for  measurement,  and  8  is  the  section  of  the  current  at 
the  same  point  With  the  liquids,  where  density  is  constant, 
the  section  is  thus  proportional  to  the  weight  discharged ;  but 
the  vapors  and  gases  have  a  varying  density  during  flow  and,  as 
the  pressure  falls  and  specific  volume  increases,  the  weight  dis- 
charged, increasing  at  first,  soon  becomes  a  maximum  and 
thenceforth  decreases  with  falling  tension.  This  point  of  maxi- 
mum discharge  is  found  at  about  p-z/pi  =  i  for  the  gases  and 
about  P2/P1  =  0.6  with  vapors,  at  all  initial  pressures.  For 
steam,  the  ratio  is  usually  given  as  about  0.58.  This  action  was 
detected  by  Napier  in  experimental  work  and  explained  by 
Eankine,  then  engaged  in  the  study  of  the  thermodynamics  of 
the  case.* 

It  follows  from  this  that,  to  secure  full  delivery  and  continued 
acceleration  of  the  jet,  the  nozzle  should  converge  from  the 
point  of  maximum  pressure  within  to  a  minimum  section  where 
discharging  the  total  fiow  at  0.6  initial  pressure  and  should 
thence  diverge  as  pressures  continue  to  fall,  and  in  proportion 
to  such  drop.  The  exit  orifice  should  thus  be  given,  finally,  a 
section  proportioned  to  that  of  minimum  section,  for  ^2  =  0.60  p,, 
as   the   latter  pressure   is  to  j)^  at  final  discharge  from  the 

system,  t 
If  the  jet  is  not  thus  let  down  to  the  pressure  of  the  atmos- 


♦Rankine's  **  Prime  Movers,"  p.  298.  London  Engineer,  September,  October, 
November,  December,  1869.     See  also  Rateau,  "  Rapport  sur  les  Turbines,"  1900. 

\  It  has  been  found  that  the  maximum  velocity  at  the  point  of  greatest  con- 
traction is  very  nearly  if  not  quite  that  of  sound  in  the  fluid,  at  that  point  and 
in  that  state  as  to  pressure  and  volume. 
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pheie,  the  oondenaer  or  other  receiving  medium,  it  expands  to 
fliat  minimiim  immediately  at  exit  and  enlarges  its  section  in 
dmOar  proportion  and  is  then  ready  to  surrender  its  energy. 
The  nozde  thus  is  to  be  given  a  converging  or  a  diverging  form, 
Moordiiigily  as  the  pressure  at  its  exit  is  greater  or  less  than  the 
flritifial  tension  just  indicated,  and  as  illustrated  by  the  long- 
oorrent  practice  of  the  makers  of  Giffiard's  ''  injector  "  and  per- 
haps of  still  earlier  makers  of  apparatus  in  which  such  a  jet  is 
sought.  The  earliest  turbines  of  Laval,  and  his  predecessors 
eren,  iUostrate  the  fact  enunciated  by  the  inventor,  that  di- 
verging nozzles  must  be  employed,  if  seeking  to  obtain  the  full 
advantage  of  the  fall  of  pressure,  from  initial  to  terminal,  out- 
side the  turbine  wheel.  The  discharge  of  steam  from  the  nozzle 
is  thus  independent  of  the  final  pressure  when  the  latter  is  less 
than  0.6  the  initial  pressure,  although  a  function  of  that  tension 
at  higher  proportional  tensions. 

The  computation  of  the  velocity,  F,  of  flow  of  jet  is  e£Eected 
by  expressions  like,  or  equivalent  to,  that  of  Wantzel  and  Saint- 
Yenant  as  early  as  1839,*  in  a  discussion  of  experiments  on  the 
flow  of  air. 

This  equation  has  the  general  form 


which  can  be  integrated  when  the  relation  of  t;  to  p  can  be 
established  for  the  assumed  conditions,  as  for  isothermal  or  for 
adiabatic  expansion,  and  when  the  values  of  constants  in  the 
familiar  expression, ^iry  =  constant,  can  thus  be  determined.  In 
the  present  case,  the  expansion  is,  in  steady  working,  adiabatic 
actually  as  well  as  ideally;  y  =  1.135,  and  we  have 

-         -  1       ^  —         ^- 

V2^/2fj  =  po^vo (pi^   -P2^  ); 

r 

in  which  values  may  be  inserted  to  correspond  with  the  condi- 
tions assumed.  Grashof  has  proposed  the  approximate  and 
simple  formula  for  the  case  in  which  the  final  pressure  falls  be- 
low the  critical, 

ir  =  15.26  y^r, 

*  Journal  de  VEcole  Poly  technique,  vol.  xxvU. 
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and  Bateau  o£Eers 

Jr=  15.42/^-"^; 

where  ^  is  in  grams  per  second  and  per  square  centimeter  of 
orifice,  and  pi  is  in  atmospheres. 

Otherwise  deduced,  we  may  assume  that  the  energy  of  the  jet 
is  that  of  the  graphic  representation  of  the  cycle,  either  entropic 
or  pressure-volume.  Hence,  if  we  divide  the  measure  of  the 
horse-power,  550  or  33,000,  or  1,980,000,  for  the  selected  unit  of 
time,  by  the  work,  U,  of  the  ideal  diagram,  the  quotient  is  the 
measure  of  the  number  of  units  of  weight  of  fluid  required  per 
horse-power,  W^  =  33,000 /i7.  Thus  we  have,  also,  the  expres- 
sion, on  the  assumption  just  made,  for  energy  produced  in  kinetic 
form, 

J7/2g  =  550/  W,  =  U;  F2  =  V550  x2g/  W^ 
In  metric  measures. 


V=100V530/K; 

where  V  is  in  meters  per  second  and  K  is  the  steam  consump- 
tion per  horse-power  in  kilograms.  Bateau  gives  also  the 
approximate  formula  for  V: 

V2  =  418  m  (1  -f  0.065  log  pi), 

where  m  represents  the  meter,  pi  the  initial  pressure,  the  ter- 
minal being  0.6  pi. 

Tlie  Graphics  of  this  Case  may  be  illustrated  either  by  tracing 
the  ''p-v  history"  of  the  unit-weight  of  steam  throughout  its 
cycle  or  by  studying  the  "  theta-phi  diagram,"  the  dynamic  and 
the  thermal  graphical  representations  of  the  complete  cycle  of 
changes  of  pressure  and  volume,  and  of  temperature  and  entropy 
which  are  nynchronous  with  the  kinematic  cycle  of  the  apparatus ; 
passing  through  which  cycle,  each  mass  of  fluid,  and  each  unit 
of  heat  finds  itself  related  precisely  as  at  a  point  in  time  mark- 
ing the  similar  point  in  the  preceding  engine-cycle.  This  cycle 
is  easily  followed  in  the  case  of  the  piston  engine,  as  it  corre- 
sponds precisely  and  necessarily  with  one  revolution,  or  kine- 
matic cycle,  of  the  engine  crank ;  but  it  is  less  readily  defined 
in  the  case  of  the  steam  turbine. 

What  actually  happens  is  either  the  following  or  an  equivalent 
series  of  operations :  Taking  unit-weight  of  fluid  employed  as 
the  working  substance,  we  find  in  this  case  a  pound  of  water,  as 


THE  STEAM  TUBBINE.  203 

will  be  assumed,  entering  the  boiler,  is  presently,  under  boiler- 
pressure,  raised  to  the  temperature  of  the  steam,  with  slight 
increase  of  volume,  then,  with  no  further  change  of  temperature, 
but  with  large  accession  of  heat,  it  is  expanded  from  the  specific 
volume  of  water  to  that  of  the  steam;  meantime  the  fluid 
accepting  heat  of  two  nominal  sorts  :  one  quantity  measured  by 
the  product  of  the  range  of  temperature  into  the  mean  specific 
heat  of  the  fluid,  the  other  the  **  latent  heat,"  which  is  trans- 
formed automatically  into  work  and  employed  in  overcoming 
molecular  resistance  to  expansion  and  vaporization  and  in  the 
external  work  of  overcoming  the  resistance  due  the  pressure  of 
the  atmosphere  of  vapor  into  which  the  steam  is  forced.  The 
first,  the  actual  energy,  is  stored  as  heat ;  the  latter,  the  poten- 
tial energy  of  the  molecular  system  of  the  vaporized  fluid,  can 
only  reappear  on  the  condensation  of  the  vapor  into  the  liquid 
again.  The  changes  of  pressure  and  volume  of  the  fluid,  in  these, 
as  in  all  physical  changes,  are  mutually  related,  and  the  laws 
and  the  magnitudes  for  the  case  are  well-known.  The  next  move- 
ment in  the  cycle  is  the  transfer  of  the  mass  of  steam  to  a  point 
of  exit  where  the  fluid  expands,  adiabatically,  through  an 
ajutage,  a  nozzle,  in  which  all  the  available  thermal  energy  is, 
by  thermodynamic  transformation,  converted  into  the  kinetic 
energy  of  a  jet  of  steam,  issuing  with  a  velocity  determined  by 
the  magnitude  of  the  store  of  energy  thus  utilized.  In  this  pro- 
cess of  transformation  of  stored  and  potential  energy  into 
via  viva^  the  inertia  of  the  freely-moving  particles  automatically 
supplies  the  resistance  exactly  balancing  the  expansive  effort,  at 
each  instant,  of  the  expanding  vapor,  and  the  relation  of  pres- 
sures and  volumes  is  precisely  that  observed  where,  as  in  the 
reciprocating  engine,  the  steam  expands  behind  a  piston  and 
the  same  quantity  of  heat  is  converted  into  work  by  the  same 
series  of  variations  of  pressure  and  volume ;  the  "/)-r  liistory,'* 
or  the  *' theta-phi  history,"  of  the  fluid,  during  the  turbine  cycle, 
and  at  every  step  in  this  progress,  is  precisely  the  same  as  with 
the  corresponding  engine-cycle  so  familiar  to  the  engineer  as  his 
**  ideal "  indicator  diagram. 

The  Ideal  Cycle  for  the  steam  turbine  corresponds  more  closely 
with  that  of  the  real  engine  than  does  the  ideal  of  any  other 
form  of  motor,  in  accord  with  its  real  and  practical  represen- 
tative. In  Fig.  66,  herewith,  are  grouped  the  principal  represen- 
tative thermodynamic  cycles  of  both  the  gas  and  vapor  engines. 
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Among  these  will  be  found  the  ideal  cycle  for  all  familiar  forms 
of  vapor  engine.  It  is  No.  XVTTT.,  but  properly  including  the 
triangular  terminal  area,  it  v\,  of  the  vapor-cycle  diagram,  which 
marks  the  difference  between  the  ordinary  Glausius  and  the 
common  Bankine  ideal  cycles ;  either  of  which,  however,  it  may 
simulate.  So  far  as  the  process  of  heat-conversion  is  concerned, 
that  in  which  the  stored  heat-energy  of  the  working  fluid  is  trans- 
formed into  work  by  expansion,  the  turbine  cycle  is  ideally  per- 
fect ;  this  expansion  line  being  combined  with  complete  adiabatic 
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Fig.  66. 


compression  to  produce  a  Camot  cycle  and  the  perfect  heat 
engine  diagram. 

This  cycle  is  also  capable  of  modification,  as  with  the  com- 
mon engine  cycle,  restricting  the  volume  of  the  fluid  at  the 
termination  of  the  period  of  expansion  within  the  machine,  as  is 
customary'  in  the  reciprocating  engine,  in  compliance  with  the 
demands  of  financial  and  commercial  economics.  In  fact,  the 
steam  turbine  can  be  made  to  closely,  if  not  accurately,  repro- 
duce the  Rankine  cycles,  either  with  or  without  adiabatic  com- 
pression, and,  in  actual  operation,  to  approximate  the  ideal 
more  closely  than  other  engines,  both  in  form  of  cycle  on  the 
pressure-volume  chart  and  in  actual  utilization,  by  thermodyna- 
mic conversion,  of  the  heat-energy  supplied  it. 
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The  Steam  Jet. 
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Studying  the  cycle  in  detail  and  as  modified  from  that  of  the 
"  perfect  engine  "  by  the  omission  of  the  compression  line  and 
by  incompleteness  of  expansion,  we  may  compare  the  two  dia- 
grams in  which  the  co-ordinates  are,  in  the  one  case,  pressure 
and  volume ;  in  the  other  case,  temperature  and  its  complemen- 
tary factor  *'  entropy ";  both  diagrams  representing  the  same 
quantity  of  energy — that  which  is  derived,  in  such  a  cycle  as  is 
taken  in  illustration,  by  the  employment  of  unit-weight  of  the 
fluid. 

In  the  diagrams,  Figs.  67  and  68,  the  perfect  engine  cycle  is 
represented  by  abcda,  the  cycle  of  Bankine  or  of  Clausius,  with 
its  complete  expansion  and  without  compression,  by  ahcdea.  In 
the  former,  both  expansion  and  compression,  be  and  da,  are  com- 
plete and  adiabatic  and  the  efficiency  of  the  cycle  is  necessarily, 
for  the  ideal  case,  for  the  turbine,  as  for  the  common  form  of 
engine,  the  maximum,  Carnot,  efficiency : 

In  the  second  form,  in  which  there  is  no  complete  compres- 
sion or  other,  but  in  which  the  restoration  of  the  fluid  from 
minimum  to  maximum  temperature  and  pressure,  and  from 
minimum  to  maximum  volume,  is  efltected  by  expenditure  of 
heat  otherwise  capable  of  thermodynamic  utilization,  the  cycle 
is  modified  and  the  diagram  becomes  thus  altered,  at  the  left, 
by  the  transfer  of  its  boundary  from  da  to  ea  with  a  loss  of  effi- 
ciency measured  by  the  defect  shown  by  the  loss  of  area  ex- 
hibited by  the  conversion  of  the  rectangular  area  into  the 
triangular,  as  at  ead,  on  the  temperature-entropy  diagram  in 
Fig.  67,  a  modification  of  efficiency  which  does  not  appear  so 
satisfactorily  on  the  pressure-volume  diagram.  The  magnitude 
of  the  utilized  energy  is  easily  shown  to  be  in  the  second  case: 


r- 


J  [t,  -T,{1  +  log,  T,/T.^  +  -^1^  •  ^i]+  (P2-l>3)^i; 


where  Tj  and  T^  are  the  temperatures  and  pi,  and  p^  are  the 
pressures  at  tbe  beginning  and  at  the  end  of  expansion  and  p 
the  back  pressure,  V2  the  final  volume  for  the  case  of  incomplete 
expansion. 

The  increased  expenditure  of  heat,  in  the  second  case,  that  of 
the  Bankine  ideal  cycle,  is  shown  on  the  theta-phi  diagram  as  ead 
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and  the  work  gained  is  seen  to  be,  on  the  pv  diagram,  ead ;  their 
ratio  is  obvioasly  less  than  one  half  that  of  the  work,  ahody  to  the 
heat  expended,  in  the  Camot  cycle.^  The  net  result  is  thus  a 
decided  loss  and  its  magnitude  in  any  example  may  be  computed 
by  comparing  heat  supply  and  work  performed  in  the   two 

case&t 

It  will  be  noted  that,  in  the  preceding  algebraic  expression 
for  work  performed,  the  last  term  within  the  brackets  measures 
the  work  done  and  the  efficiency  of  the  Gamot  cycle ;  the  bal- 
ance of  the  bracketed  quantity  must  evidently  measure  the  dif- 
ference of  work  for  the  two  cycles  for  equal  differences  of 
temperature  and  ratios  of  expansion,  but  the  fact  that  the  gain 
of  work  in  the  Bankine,  or  the  common  Corliss,  engine  cycle 
over  that  of  Garnot  iuyolves  a  net  loss  of  heat  and  efficiency, 
a  loss  of  heat  more  than  the  equivalent  of  the  gain  in  work,  is  not 
shown  by  the  dii^am  and  must  be  found  by  computation  or  by 
comparing  the  two  diagrams  drawn  to  a  common  scale  of 
energy. 

Fig.  69  shows  the  simplest  case  of  development  of  energy  in 
the  jet,  and  its  storage  by  conversion  from  heat  energy,  in  a 
diagrammatic  manner.  From  a  to  2),  the  work  of  expansion 
occurs  adiabatically ;  the  work  of  vaporization  taking  effect 
within  the  vessel  A  in  which  steam  is  made  and  producing  that 
acceleration  and  kinetic  energy  which  is  observable  at  e  and  up 
to  the  point  at  the  nozzle  at  which  the  adiabatic  expansion 
commences.  The  work  in  A  is  shown  on  the  pressure-volume 
diagram  as  al/he ;  that  of  adiabatic  expansion  is  behb.  Passing 
out,  along  the  path  B,  the  fluid  stores  all  the  energy  measured 
by  the  diagram,  in  the  form  of  vis  viva,  which  is  to  be  presently 
absorbed  by  the  impact  turbine.  As  the  store  of  steam  and  of 
energy  in  A  is  necessarily  constant  in  steady  working,  it  is 
obvious  that  all  the  energy  of  the  vaporization  period  must 
enter  the  jet. 

Formol  Engine  Trials  to  determine  the  efficiency  in  practi- 
cal operation  of  the  steam  turbine  are  now  available  in  consid- 
erable number  and  among  them  and  in  addition  to  the  special 
investigations  made  in  Sibley  College,  there  are  some  which 


*  "  Manual  of  the  Steam  Engine  ; ''  vol.  i.,  chap.  1.,  p.  434. 
j Ibidem;  Chap.  is.  and  Appendix  ;  tables  and  examples.     Also  Trans.  A.  S. 
M.  E.,  varioas  papers  on  "  Engine  Efficiency,"  etc. 
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throw  light  upon  the  question  of  the  extent  and  manner  of  gain 
in  efficiency  obtainable  by  the  use  of  superheated  steam. 
Among  the  earliest  of  these  were  those  of  Professor  Ewing,  in 
August  1892,  in  which  the  Parsons  compound  turbine  was 
tested.  The  report  upon  his  investigations  includes  the  follow- 
ing as  the  main  features  in  data  and  results  of  test  : 

The  general  behavior  of  the  machine  was  similar,  in  respect 
to  efficiency  and  its  variations,  to  that  of  the  ordinary  piston 
engine.  The  so-called  "  law "  of  WiUans  was  illustrated  and 
the  performance  of  the  turbine  was  practically  equivalent  to 
that  of  a  good  compound  engine  of  the  ordinary  type  and  under 
similar  conditions  of  operation  and  of  cycle.  The  consumption 
of  steam  was  27.6  pounds  per  electrical  horse-power  at  95 
pounds  steam  pressure,  and  with  moist  steam,  in  the  earlier 
tests  of  1891.  The  later  tests  here  quoted  exhibit  decided  gain 
by  superheating ;  the  figure  falling  to  about  20  pounds  with  a 
superheat  of  60  degrees  Fahr. 

In  this  case,  jet-condensers  were  employed,  giving  about  28 
inches  vacuum  ;  the  speed  of  turbine  was  4,800  revolutions  per 
minute  ;  the  attached  generator  delivered  an  alternating  current 
at  2,000  volts  and,  at  rated  power,  60  amperes,  with  80  alterna- 
tions per  second.  Its  electrical  efficiency  was  97i  per  cent.  The 
steam  pressure  at  the  boilers  was  140  pounds  by  gauge. 

The  following  are  the  tabulated  data  obtained  during  these 
trials : 

TABLE  I. 
General  Results  of  Test. 


Preseare 
by  gauge 
on  boiler. 

Tempera- 
ture of 
Steam. 

Load  in 

K-W.  per 

hour. 

Feed  water  per  hour, 
Pooncto. 

Lbs.  per 
Bq.  m. 

^^' 

Per 

Per 

Total. 

KW. 

K.H.P. 

' 

96 
102 

335 
365 

0.1 
10.2 

480 
760 

y<          A  • 

74.6 

56.6 

Continuous  cur- 
rent moderate  - 
superheating. 

100 
102 

356 
400 

27.0 
49.2 

1,110 
1,590 

41.1 
82.8 

80.7 
24.1 

100 

390 

74.5 

2,170 

29.1 

21.7 

103 

398 

102.0 

2,900 

28.4 

21.1 

('ontinuous  cur-   ( 

102 

463 

28.3 

1,060 

87.6 

28.0 

rent,  high  su-  -J 
perheating.        ( 

102 

468 

49.5 

1,480 

29.9 

22.8 

101 

405 

78.4 

2,170 

27.7 

20.7 

Alternating  cur-  ( 

99 

867 

31.6 

1,180 

37.8 

27.8 

rent,  moderate  ■< 

97 

894 

49.9 

1,650 

31.1 

28.2 

superheating.    ( 

103 

899 

106.2 

2,970 

28.2 

21.0 
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TABLE  II. 

OOWBUMPWOH  OF  FbBD  WaTER  AT  VABIOXTB  LOADS. 


Cmrent  ootpvt 

Feed  Water  Consamption  per  Hour,  Poimds. 

In  K-W. 
per  hoar. 

With  BoperheBliog  to  aboat  400 
D^Kiees  Fahr. 

With  Extra  Superheating  to 
406  Degrees  Fahr. 

20 
80 
40 
60 
60 
70 
80 
90 
100 

PerK-W. 
48 
80 
84* 
82 
80* 
20* 
29 
28* 
28* 

Per  E.  H.  P. 
86.8 
29.1 
26.7 
28.9 
22.7 
22.0 
21.6 
21.8 
21.8 

PerK-W. 

... 

m 

fa 

m 

88 

87i 

(87) 

87) 

Per  B.  H.  P. 

•  •  •  • 

27.2 
28.9 
22.0 
21.8 
20.9 
20.6 
(20.1) 
(30.1) 

The  resnlis  of  the  trials  are  graphically  exhibited  in  the  dia- 
grams, herewith  shown,  illustrating  the  variation  of  efficiency 
with  load  and  its  changes  with  variation  of  superheat ;  the  one 
diagram  exhibiting  the  variation  of  total  feed-water  demand  and 
the  second  showing  the  change  of  the  consumption  for  the  unit 
of  electrical  horse  power.  The  first  illustrates  the  approxima- 
tion to  the  **  law "  of  Willans ;  the  other  the  familiar  curve  of 
the  common  engine ;  while  both  exhibit  the  practical  coinci- 
dence of  method  of  variation  and  of  actual  expenditure  with  those 
of  the  piston-engine  of  good  construction  under  equally  favora- 
ble conditions  of  operation.  It  will  be  found,  on  examination 
of  these  results,  that  the  amount  of  superheating  required  to 
prevent  adiabatic  condensation  of  steam,  plus  a  small  amount 
needed  to  supply  the  waste  of  heat  from  the  working  fluid 
through  conduction  and  radiation  from  the  exterior  of  the  ma- 
chine— in  other  words :  that  amount  required  to  retain  the 
steam  in  the  dry,  perhaps  lightly  superheated  condition  through- 
out its  period  of  expansion  within  the  turbine — is  sufficient  to 
insure  this  economy,  and  excess  of  superheat  above  this  amount 
gives  very  little  gain.  The  adiabatic  liquefaction  of  steam  and 
the  flow  of  the  liquid  through  the  turbine,  producing  friction 
of  notable  amount,  is  found  to  be  the  only  important  reason  for 
superheating  in  this  apparatus,  in  which  the  expansion  is  neces- 
sarily adiabatic  in  the  real  as  in  the  ideal  case. 

Recent  trials  of  the  Parsons'  Turbine,  as  constructed  by  the 
Westinghouse  Machine  Company,  in  the  United  States,  are  re- 
ported to  have  given  the  following  results  :  The  engine  is  illus- 
14 
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trated,  with  its  connections  to  the  generator,  in  the  aocompany- 
ing  engraving.      (Fig-  "2.1     It  is  rated  at  500  horse-power,  at 
3,600  revolutions  per  minute.* 
The  steam-preasure  employed  was  125  pounds  by  gauge,  the 
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FlO.  71.— Variation  of  Ecomomt  with  Chasqe  or  Load. 


vacuum  28  inches.  The  weight  of  the  complete  set,  turbine 
and  generator,  is  reported  as  25,000  pounds,  or  50  pounds  per 
electrical  horse-power.  The  steam  was  practically  dry  during 
the  trials,  of  which  the  following  are  the  reported  figures,  re- 
duced to  graphical  form  in  the  usual  manner  in  Fig.  73. 

*  Larger  sizex,  up  to  2,600  horae-ponci,  are  now  under  construction  by  ths 
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The  following  ebows  the  economy  of  steam  at  several  i 
poitant  points  : 

Fall  load  10.4  pounds  sleam   per  electrical  boree-power  pet  bonr. 


Running  light,  750  pounds  steam  per  lionr. 


The  dia^am  exhibits  the  same  correspondence  with  the  pis- 
ton engine  in  manner  of  Tariation  of  expenditure  of  steam  with 
changing  load  as  was  brought  out  in  the  earlier  trials,  the  same 


illustration  of  the  "law"  of  Willans,  and  the  same  hyperbolic 
curve  for  efficiency,  so  generally  characteristic  alike  of  the  recip- 
rocating and  rotary  forms  of  engine  ;  but  it  will  be  particularly 
interesting  to  observe  that  the  loss  of  efficiency  with  decreasing 
loads  is  less  marked  than  with  the  common  forms  of  engine. 
Even  tbese  figures  will  be  undoubtedly  reduced  by  the  perfec- 
tion of  the  vacuum,  and  especially  by  such  moderate  superheat- 
ing as  may  be  needed  to  completely  quench  all  liquefaction  of 
steam  between  the  boiler  and  the  condenser  and  especially 
within  the  turbine. 

Turbines  of  the  compound  type  have  been  designed  in  various 

*'vtaui   at  Sibley  College,  and  in  some  oases  constructed   and 

vith  some  degree  of  success,  both  as  to  efficiency  of 

to  improved  state  of  the  applied  theory  of  the 
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One  of  these,  an  axial  tnrbine,  -vas  designed  by  Mr.  Thomas 
Hall,  in  part  while  abroad  taking  part  with  the  GorneU  crew  in 
the  Henley  races,  in  June  of  that  year,  and  was  very  similar  to 
the  tnrbine  recently  brought  ont  by  Cortis.  It  consisted  of 
snccessive  disks,  in  each  of  which  the  jet  was  suitably  altered 
in  sections,  velocity  and  direction,  passing  from  disk  to  disk ; 
alternate  disks  moving  in  opposite  dire<Hons  and  thns  acting  each 
as  the  guide  for  the  next ;  the  one  set  keyed  to  a  shaft  taming 
in  one  direction,  the  other  set  to  a  drum  taming  in  the  opposite 
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direction.  This  device  reduced  the  needed  nnmber  of  disks  by 
one-half ;  only  ten  being  used  where,  otherwise,  twenty  wonld 
have  been  required.  The  turbine  was  of  10  horse-power  and 
consumed  60  pounds  of  steam  per  effective  horse-power  per 
hoar  at  126  pounds  boiler  pressnre  and  bnt  14  inches  vacuum  ■ 
the  speed  being  made  6,000  revolutions  per  minnte.  Steam  was 
delivered  to  the  turbine  from  the  jet  at  atmospheric  pressure 
and  at  maximum  velocity  of  flow.  A  second  turbine  was  de- 
signed by  the  same  inventor  in  the  following  year,  June,  1897, 
and  built  that  year.    The  first  was  an  axial,  the  second  a  radial, 
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turbine.  In  the  latter^  the  steam  was  delivered  through  the  shaft 
into  the  first  of  a  pair  of  disks,  revolving  in  opposite  directions, 
carrying,  each,  concentric  sets  of  buckets  ;  the  jet  is  thus  taken 
alternately  into  oppositely  moving  buckets  and  the  principle  of 
the  first  construction  is  thus  illustrated  in  the  radial  form  of 
turbine.  The  speed,  as  before,  was  6,000  revolutions  per  min- 
ute. The  disks  and  buckets  were  made  of  phosphor-bronze. 
Some  buckets  were  made  by  a  process,  since  patented  by  Cur- 
tis, rolling  bars  and  cutting  off  the  length  needed  for  each 
bucket  Developing  18  horse-power,  it  demanded  under  test 
50  pounds  of  steam  per  horse-power-hour. 

In  later  work,  the  buckets  were  made  of  an  alloy  of  aluminium 
and  zinc  found  to  be  particularly  satisfactory  for  many  pur- 
poses, and  one  which  was  discovered  in  the  course  of  researches 
seeking  to  identify  the  *'  maximum  alloy "  of  aluminium  and 
zinc.  It  has  been  described  already  and  has  been  frequently, 
generally  used,  in  fact,  in  work  of  this  sort  in  Sibley  College, 
and  notably  in  the  researches  of  Dr.  Durand  on  the  efficiency  of 
screw-propellers.  It  consists  of  two- thirds  aluminium  and  one- 
third  zinc.  The  corroding  action  of  the  jet  of  steam  was  too 
serious,  however,  and  the  buckets  were  later  made  of  brass.  The 
nozzles  were  made  |^-inch  opening  and  given  a  taper  of  ^:^  inch 
to  an  inch  of  length. 

Napier's  formula  was  tested  with  a  straight,  short  nozzle 
with  rounded  entrance.  Measures  of  impact-pressure  were  ob- 
tained by  a  series  of  experiments  with  specially  constructed 
apparatus,  and  the  familiar  deduction  was  confirmed ;  the  pres- 
sure on  a  bucket  at  rest  being  equal  to  that  due  the  gauge 
pressure.  With  straight  nozzles,  the  jet  expands,  after  leaving 
the  tube,  until  atmospheric  pressure  is  reached,  when  it  retains 
a  cylindrical  form  until  broken  up  by  air-currents.  In  the  ex- 
panding nozzle,  the  jet  has  a  minimum  diameter,  with  low  pres- 
sures, less  than  that  of  the  exit  orifice ;  with  increasing  tensions 
of  steam,  it  moved  outward  and  located  itself  at  a  point  further 
from  the  extremity  as  the  pressure  rose.  The  work  of  the 
turbine  itself  was  very  satisfactory. 

The  results  of  the  comparison  of  the  computed  pressures  of 

the  jet,  and  of  the  estimated  deliveries,  with  the  actual  work  in 

4i6.  case  in  hand  are  shown  well  in  the  accompanying  curves 

^  laid  down  by  Messrs.  Jones  and  Bathbone  in  a 

1898. 
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The  Laval  Turbine,  the  modernized  simple  form  of  the 
Branca  wheel  of  1629,  was  bronght  oat  hy  its  inventor  abont 
1886,  and  at  ODce  took  its  place  in  the  field  of  engineering  to 
whicli  this  class  of  motors  is  best  adapted.  It  became  well- 
known  to  the  profession  in  the  United  States  through  its 
admirable  presentation  at  the  Columbian  Exhibition,  at  Chicago, 
in  1893.  In  1896,  it  was  stated  that  there  had  alread;  been 
supplied  to  users  about  23,000  horse-power  of  this  type.     It 
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was  rapidly  developed  for  high-pressure  steam,  and  in  1898,  the 
following  table  of  consumption  of  dry  steam  per  unit  of  time 
and  power  was  published  by  the  continental  European  represen- 
tatives of  "  La  Societe  dea  TurUnea  a  vapeur  de  LavaL" 


THB  8TEAJC  TUBBINE. 


215 


OONBUlfPTION   OF    DRT    STEAM    PER   EFFECTIVE    HORSE-POWER 

PER  HOUR. 


a  P. 


AdndMion  pressure  of  that  turbine  in  kilos  par  cm* 


10 


18 


16 


80 


h^Eaeape  to  the  air.  Eg. 

8 

86.85 

84.8 

28.— 

21.8 

20.6 

5 

88.7 

81.0 

19.75 

18.9 

17.9 

10 

88.7 

81.0 

19.75 

18.9 

17.9 

15 

81.4 

19.7 

18.6 

17.8 

16.8 

20 

80.9 

19.2 

18.1 

17.4 

16.4 

80 

19.9 

18.8 

17.2 

16.4 

15.4 

50 

18.5 

17.0 

16.0 

15.2 

14.1 

75 

17.5 

16.1 

15.05 

14.8 

18.8 

100  and  150. 

17.5 

16.0 

15.0 

18.95 

18.25 

aoo 

16.5 

15.0          14.5 

18.75 

12.8 

800 1 

16.25 

14.5      1 

18.75      1 

18.0 

12.0 

8. — E$6ape  to  the  condenser.     Vacuum  64  cm.  Kg. 


8 

5 

10 

15 

20 

30 

50 

75 

100 

200 

800 


18.0 

17.8 

16.6 

16.2 

15.6 

16.8 

15.75 

15.8 

14.95 

14.4 

14.1 

18.55 

18.1 

12.6 

12.25 

18.55 

18.0 

12.6 

12.25 

11.8 

11.6 

11.1 

10.9 

10.45 

10.0 

11.6 

11.1 

10.75 

10.45 

10.0 

10.8 

9.8 

9.45 

9.2 

8.85 

10.8 

9.8 

9.45 

9.8 

8.85 

10.2 

9.1 

8.75 

8.5 

8.2 

8.8 

8.4 

8.0 

7.8 

7.6 

8.6 

8.25 

7  75 

7.6 

7.4 

80.0 

17.4 

17.4 

16.25 

15.8 

14.9 

18.4 

12.65 

12.55 

12.0 

11.50 


14.9 

18.8 

11.9 

11.45 

9.7 

9.7 

8.65 

8.65 

7.9 

7.4 

7.2 


Since  the  date  of  publication  of  this  table,  the  steam  pressure 
has  been  carried  up  into  the  thousands  of  pounds  per  square 
inch,  one  to  two  hundred  atmospheres,  and  the  consumption  of 
steam  and  of  heat  and  fuel  per  unit  of  time  and  power  still 
further  reduced.  In  the  above  table,  it  is  to  be  here  particu- 
larly noted  that  the  expenditure  of  steam  is  reduced  over  one 
third  by  condensation,  as  compared  with  non-condensation,  at 
all  points  in  the  table. 

Tests  of  the  10-horse-power  Laval  turbine  of  Sibley  College, 
with  two,  three  and  four  jets  in  use,  by  Messrs.  Whitfield  and 
Wilson,  1896,  gave  the  following  tabulated  results.  The  gener- 
ator attached  is  rated  at  6.6  kilowatts  output  at  full  load.  The 
turbine  disk  is  5^1  inches  diameter,  the  vanes  |  inch  wide,  the 
rim  V?.  inch  in  thickness  and  the  rated  speed  24,000  revolu- 
lutions  per  minute.  This  gives  656  feet  per  second,  39,360  feet 
per  minute ;  about  7^  miles  a  minute,  450  miles  an  hour. 

The  turbine  is  geared  to  the  generator  by  a  reducing  gearing 
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having  the  ratio  10  to  1,  giving  the  generator  a  speed  of  2,400 
revolutions  per  minute.  Copious  lubrication  was  insured  by 
the  use  of  "sight-feed"  oil  cups.  The  vacuum  was  about  16 
inches,  except  in  the  later  runs,  when  it  was  purposely  reduced 
to  1.3  inch  at  the  condenser.  The  steam  was  saturated  and  car- 
ried some  moisture.  The  turbine  showed  as  good  work  as 
could  have  been  expected  from  the  reciprocating  engine  of  simi- 
lar capacity,  and  is  probably  capable  of  still  better  work  when 
the  form  of  nozzle  can  be  perfectly  identified  for  any  stated  con- 
ditions of  operation,  as  the  jet  should  have  a  specific  character 
for  each  set  of  conditions  of  operation.  Its  "water-rate"  of 
46.8  pounds  per  horse-power  hour  is  much  better,  in  fact,  than 
is  usually  obtained  with  the  common  engine  of  equal  power. 
The  best  work  is  performed  with  two  nozzles. 

The  same  turbine,  in  a  series  of  tests  by  Mr.  West,  in  the 
spring  of  1900,  gave  total  expenditures  of  feed-water,  ranging 
from  100  to  600  pounds  per  hour,  delivering  from  zero  to  10- 
brake  horse-power,  from  zero  to  5  kilowatts  and  zero  to  6^ 
electrical  horse-power ;  while  the  "  water-rates  "  ranged  from  64 
to  56  per  engine  horse-power  and  from  105  to  65  per  kilowatts 
between  15  and  50  amperes  at  110  volts,  the  latter  variations 
following  closely  the  hyperbolic  law. 

SIMPLE  IMPACT  STEAM   TURBINE— SIBLEY   COLLEGE,   C.   U. 

A. — 2  Nozzles. 


Speed, 

•W^                                  ■%                At 

Amperes. 

Volta. 

Dynamo 

watts 

Output. 

Losses  of  Dynamo. 

Bnglne 

Watts 

Ontput. 

Hevolntions 
Per  Minute. 

Hysteresis 
and  Friction. 

Resistance. 

2,833 
2,263 
2,200 

19.88 
88.7 

58 

110 
110 
110 

2,127 
4,258 
6,880 

1,400 
1,850 
1,800 

800 
850 
481 

3,827 
5,958 
8,111 

Uorse-Power. 

Output  in  B.  T.  U. 
Per  Uour. 

Pounds  of  Condensed  Steam. 

ElectricAl. 

Engine. 

Dynamo. 

Engine. 

B 
13,020 
20.300 
27,620 

Per  Hour. 

Per  H.-P. 
Engine. 

Per  H.-P. 

Electric. 

Per  K.  W. 

2.85 
5.72 
8.55 

5.13 

7.99 

10.86 

7,250 
14,500 
21,750 

275 
379 
508    ' 

53.6 
47.5 

46.8 

96.6 
66.4 
59.4 

129 
89 
79.6 

THE  STEAM  TUBBINE. 


217 


SIMPLE  IMPACT    STEAM    TURBINE-SIBLEY  COLLEGE,  C.  V.—Cant. 

A  — 2  Nozzles. 


British  Thermal  Units. 

Efficiency. 

Per  Hour. 

Per  H.-P. 

Engine. 

Per  H.-P. 
Electrical. 

Per  K.  W. 

Engine 
B/C. 

Eng.  and  Dyn. 

A/C. 

322,800 
446.800 
597.900 

68,000 
56,000 
65,100 

118,200 
78,100 
70,000 

151.500 

104,800 

93,900 

Per  cent. 

4.04 
4.54 
4.62 

Per  cent. 

2.25 
8.25 
3.64 

B. — 3   Nozzles. 


Amperes. 

Volta. 

Dynamo. 

Watts 

Output. 

Losses  of  Dynamo. 

Speed. 
Revolutions 
per  Minute. 

Hysteresis 

and 
Friction. 

Resistance. 

Engine. 

Watts 

Output. 

2,886 
2,280 
2.220 

19.3 
88.7 
58 

110 
110 
110 

2,127 
4,258 
6,880 

1,450 
1,875 
1,800 

800 
850 
431 

3,877 
5.978 
8,111 

Horse-power. 

Output  In  B.  T.  U. 
per  Hour. 

Pounds  of  Condensed  Steam. 

Electrical. 

Engine. 

Dynamo. 

Engine. 

Per  Hour. 

Per  H.-P. 

Engine. 

Per  H.-P. 
Electric. 

Per  K.  W. 

2.85 
5.72 
8.66 

5.20 

8.03 

10.86 

7.250 
14,500 
21,750 

13,170 
20.380 
27.620 

273 
397 
523 

52.6 
49.5 

48.2 

95.8 
69.5 
61.3 

128.5 
93.4 
82  1 

British  Thermal  Units. 


Per  Hour. 

Per  H.-P. 

Engine. 

Per  H.-P. 
Electrical. 

Per 
Kilowatts. 

820,800 
466,700 
610,800 

61,800 
58,100 
56,400 

112,500 
81,600 
71,500 

151,000 

109,500 

95,900 

Efficiency. 


Eng.  and  Dyn. 
A/C. 


Per  cent. 
2.26 
3.11 
8.56 
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SIMPLE  IMPACT  STEAM  TURBINE.— SIBLEY  COLLEGE.  C.  U.— Om/. 

C. — 4  Nozzles. 


Speed. 

Amperefl. 

Volts. 

Dynamo. 
Watts  Out- 
put. 

Losses  of  Dynamo. 

Engine. 

Revolntions 
per  Minute. 

HTSteresis 
ana  Friction. 

Resistance. 

Watts  Oat- 
pnt. 

2,352 
2,260 
2.238 

2,218 

19.3 
38.7 
58 
58 

no 
no 
no 
no 

2,127 
4,258 
6,380 
6,380 

1,410 
1,350 
1,325 
1,300 

800 
850 
431 
431 

8.837 
5,953 
8,186 

8,111 

Horse-power. 

Output  in  B.  T.  U. 
per  Hour. 

Pounds  of  Condensed  Steam. 

Electrical. 

Engine. 

j 
Dynamo.         Engine. 

Per  Hour. 

Per  H.-P., 
Engine. 

Per  H.-P., 
Electric. 

Per 
Kilowatts. 

2.85 
5.72 
8.55 
8.55 

5.14 
8.02 
10.9 
10.86 

7,250 
14,500 
21,750 
21,750 

B 
13,050 
20,300 
27,700 
27,620 

308 
428 
567 
618 

60 
58.4 
62 
67 

108 
75 

66.4 
72.2 

144.5 
101 

88.8 

97 

British  Thermal  Units. 

Efficiency. 

P-^"""'^-           ^Engnr' 

Per  H.-P., 

Electrical. 

Per  Kilowatts. 

Engine. 
B/C. 

Eng.  and  Dyn. 

A/C. 

360,100 
497,600 
661,200 
728,600 

70,100 
62,100 
60.700 
67,000 

126,300 
87,000 
77,400 
85,300 

169,200 
116,700 
103,600 
114,000 

Per  cent. 
8.68 
4.08 
4.2 
8.8 

Per  cent. 
2.01 
2.92 
8.8 
2.99 

The  form  of  the  Laval  turbine  is  seen  in  the  accompanying 
sketches,  of  which  the  first  exhibits  the  form  of  the  10  horse- 
power, 6.6  kilowatts,  set,  the  tests  of  which  in  Sibley  College  are 
elsewhere  reported. 

The  details  of  the  construction  of  this  simple  turbine  are  seen 
in  the  following  illustrations,  in  which  the  section  of  the  nozzle 
and  of  the  rim  of  the  disk  of  the  turbine  permits  an  excellent 
and  very  clear  representation  of  the  process  of  energy  conver- 
sion here  carried  on  in  the  impact  turbine.  Three  jets  are 
shown,  but  the  number  may  be  made  greater  or  less,  as  may  be 
found  in  any  individual  design  best.  The  wheel  evidently  be- 
longs to  the  class  of  "  partial  turbines,"  as  the  hydraulic  motors 
of  this  type  have  been  called.  The  succeeding  figures  show 
the  form  of  the  gears,  the  turbine  disk,  and  the  nozzle  separately. 
One  important  and  peculiar  feature  of  this  turbine  is  the  adop- 
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tioQ,  bj  its  inTentor,  of  a  slender,  flexible  ebaft  vhicb  cau 
spring  soffioieDtly  to  permit  the  disk  to  whirl  about  ita  centre 
of  gravitj,  a  point  which  never  precisely  coincides  with  its  cen- 
tre of  figure ;  this  expedient  aUows  of  complete  avoidance,  in  a 
well-made  turbine,  of  the  jar  otherwise  produced. 

Trials  of  a  similar  Ijaval  turbine  reported  by  Professor  Ck>ss 
to  the  American  Society  of  Mechanical  Engineers  *  give  figures 
as  in  the  following  table  : 

Rbsclts  or  Tbstb,  Laval  Tdrbine. 


h 

4 

11 

b,  r;.Qge, 

1^ 

i.^ 

NoEElea. 

i 

S 

w 

All  foar  Doules  In  actiou,  three 

ofO.188  inch  and  one  a  diam- 
eter in  throat  ol  0.157  inch. . 

1 

2 
3 
4 
5 

7 
6 
H 

10 

11 

lii 
14 

3.138 
S,645 
2.038 
2,118 

i,ai: 

2,073 

a,i3e 

2,578 
2,4,'B 
2,411 

3,-584 

2^125 
2.490 

0.00 
1.63 
3.3« 
2.97 
3.46 
4.38 
6.10 
7.62 
8.24 
10.33 

0.00 
3.9B 
4,7-J 
G.SO 

180 
130 
130 
130 

130 
130 
130 
180 
130 
180 

130 
130 
130 
130 

17.1 
43.2 

48.5 
55.6 
61. i) 
70.  B 
76  9 
99.6 
104.4 
136.3 

31.3 
63.6 
93.4 
111.7 

120.8 

aio.3 

330.8 
354.6 

275.5 
313.0 
328.5 
408.0 
423.8 
491.8 

128.6 
99.8 
85.7 
79.6 
71.6 
64.4 
53.6 
61.3 
47.8 

Three  ooralea   in   action,   two  f 

0(0.138  inch  and  one  a  <iiam-"l 
eler  in  throat  of  0.157  inch..  1 

121.4    

267-8     67.8 
288-0     60.0 
346,.^      63.3 

Tiro  aazEies    in    aMion,   each 
having  a  diameter  in  throat - 
of  0.138  inch     

15 
16 
17 
18 

3,546 
2.041) 
l.OOB 
2,412 

0.00 
1.96 
3.43 
3.87 

1.TO 
130 
130 
130 

42.2 
83..'-. 
121.1 
127.0 

99,3 

163. 6i     83.4 
223.91     6B.0 
230-6:     B9.3 

1 

The  lowest  figure  here  obtained  is  47.8  pounds  of  feed-water 
per  horse-power  per  hour  delivered  upon  the  brake,  which  cor- 
responds to  about  43  pounds  per  indicated  horse-power  with 
the  reciprocating  engine. 

The  results  of  trial  of  a  50-horse-power  Laval  turbine  are  re- 
ported by  Professor  Cederblom,  of  the  Polytechnicum  at  Stock- 
holm, his  as^stant,  Mr.  Anderson,  and  the  inspector  of  the 
Board  of  Trade  of  Stockholm,  Mr.  Uhr,  May,  1893,  follow. 

The  test  continued  for  8  hours,  from  9:45  a.  h.  to  5:45  p.  m., 
during  which  time  617.6  kilograms  South  Yorkshire  coal  and 

*TraM.  A.  8.  M.  E.,  December,  1895.  vol.  Tvii.,  p.  81. 
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4.651  kilograms  feed-water  of  an  average  temperatnre  of  15.4 
degrees  CelsiuB  were  consumed.  The  effect  was  determined  by 
brakes  ;  the  number  of  revolutions  was  1,645  per  minute.  The 
steam  was  obtained  from  a  fire-box  tubular  boiler,  at  a  pressure 
of  8.6  kilograms  per  square  centimeter  above  the  atmosphere. 
The  motor  was  close  to  the  boiler.  In  the  steam  piping,  between 
the  boiler  and  the  motor,  a  water-separator  was  inserted. 

The  steam  pressure  was  determined  by  a  manometer,  placed 
between  the  throttle -valve  and  the  turbine.  This  pressure 
varied  between  8.6  and  7.6  kilograms  per  square  centimeter. 

The  pressure  in  the  exhaust-pipe  was  constant  during  the 


whole  test  at  0.12  kilogram  per  square  centimeter  absolute 
pressure. 

The  exhaust  steam  was  condensed  by  an  ejector  condenser, 
fed  by  a  centrifugal  pump,  driven  by  another  motor  which  ob- 
tained steam  from  a  separate  steam  boiler.  The  circulation 
water  was  warmed  up  by  the  steam  from  +  7  degrees  to  +  16 
degrees  Celsius. 

During  the  trial,  the  turbine  developed  63.7  effective  horse- 
powers, with  8.95  kilograms  steam,  1.2  kilograms  coal  per  horse- 
power per  hour.  Later  teats  reported  at  the  Paris  Exposition, 
1900,  for  a  300  horae-power  turbine  of  this  type  gave  as  low  as 
63  kilograms  steam. 

These  figures,  corresponding  to  10.7  pounds  of  steam  and  2  66 
pounds  of  coal  per  horse-power  per  hour,  at  the  brake,  may  be 
accepted  as  again  exhibiting  the  capacity  of  the  turbine,  prop- 
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erly  operated,  and  its  promifie  as  a  rival  of  the  common  forms 
of  even  good  engines  irhere,  as  here,  employing  108  to  122 
ponndg  steam  pressore  and  with  a  vacnum  of  26  inches.  The 
gfiia  pn^pwHses,  in  the  steam  turbine,  vith  increasing  loads  np 
to  the  limit  of  power  of  the  machine ;  in  which  respect  it  de- 


parts markedly  from  the  case  of  the  common  forms  of  engine. 
In  the  steam  tnrbine,  there  is  no  overload  except  as  fixed  bj  its 
maximum  power,  and  its  rated  best  load  and  its  msximnm 
capacity  are  identical.     (See  JVote  IV.,  appended.) 

Some  10  years  ago  a  steam  tnrbine  was  bailt  in  the  shops  of 
Sibley  College  and  reported  upon  by  Messrs.  J.  C.  Brown  and 
W.  B.  Lachicotte.     It  was  made  a  "  compound  "  or  series  tur- 


bine, of  the  Dow  form  (Figs.  80,  81),  with  steam  ] 
through  stationary  guides  and  systems  of  vanes  in  alterna- 
tion, the  general  direction  of  flow  being  radially  outward, 
thus  taking  advantage  of  the  enlarging  areas  of  section  to  meet 
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tbe  reqnirements  of  the  espaniling  ateam.  The  annular  spaces 
between  guides  and  turbiue  passages  form  reservoirs  and  feed- 
ers,   and    equalize   presanrns   throufiliniit   the   annnlua      Com- 


ponnding,  witli  the  steam  turbine,  is  thus  a  vastly  more  simple 
and  satisfactory  operation  than  with  the  reciprocating  engine, 
and  this  is  particularly  true  of  the  outward-flow  series  type.  Its 
purpose  obyioualy,  however,  ia  altogether  different  in  the  two 


machines.  The  turbines  are  not  subject  to  "  cylinder  condensa- 
tion," and  are  compounded  only  to  secure  at  once,  satisfactorily, 
complete  expauaion  and  reduced  speed  of  rotation  ;  their  speed 
is,  at  best,  too  high  for  general  purposes  in  engineering. 

In  this  machine,  the  frame  and  the  end  covers  were  of  cast- 
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iron  and  tha  disks  of  dnminiam  bronze,  to  the  ooodnotiTity  of 
whioh  no  objection  arises  in  this  type  of  motor.  The  number  of 
passages  in  the  wheel  was  10  at  the  axis,  increasing  to  13  in  the 
next  set  of  vanee,  16  in  the  third,  and  thas  ap  to  26  at  the  periph- 
ery of  the  machines,  vhUe  the  guide  passages  ranged  in  nam- 
ber  from  26  to  66.  The  guide  pass^es  made  a  constant  angle  of 
95°  vith  the  turbine  paasages,  at  entrance,  and  the  latter,  at  the 
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exterior  of  the  wheel,  were  set  as  nearly  tangent  as  the  constmc- 
tioQ  permitted.  Accuracy  of  construction  to  within  0.001  inch 
was  required.  The  speed  of  revolatioD  was  made  21,000  per 
minute  and,  at  this  speed,  the  effort  of  an  unbalanced  mass  of 
one-pound  weight  would  be,  at  the  circumfereDoe  of  the  turbine, 
37,500  pounds.  The  stress  on  the  disks  at  this  speed  was  com- 
puted as  14,000  per  sqaare  inch  of  metal.  The  tenacity  of  the 
latter  was  aboat  70,000,  as  determined  by  test.  The  flywheel 
was  5.57  inches  in  diameter  and  weighed  13.2  pounds.    Its  en- 
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ergj  is  477,160  foot-pounds  at  10,000  reyolutions  a  minute.  The 
turbine  would  spring  it  up  to  that  speed  in  one  minute ;  thus 
exerting  14.5  horse-power  as  a  mean  or  29  horse-power  as  a 
maximum  and  its  rated  power.  Turbines  of  this  construction 
were  reported  to  demand  from  20  to  50  pounds  of  steam  per 
horse-power  per  hour.  This  machine  had  a  diameter  of  disks 
of  6i  inches  and  a  depth  of  passage  of  about  a  half  inch. 

Messrs.  Johnson  and  Mott  made  a  magnetic  brake  with  which 
to  test  this  turbine,  spinning  a  disk  of  steel  between  a  pair  of 
powerful  magnets  and  relying  on  the  work  of  production  of 
Foucault  currents  to  provide  resistance.  The  brake  was  coupled 
directly  to  the  engine  shaft.  It  was  found  that  this  resistance 
varied  as  the  square  root  of  the  speed  and  the  curves  on  the 
speed-load  diagram  were  parabolas.  The  power  absorbed  varied 
as  the  square  root  of  the  current  and  as  the  square  root  of  the 
number  of  ampere  turns  active  in  producing  the  magnetic 
field. 

In  this  brake,  the  use  of  water  to  hold  down  the  temperature 
of  the  disk  was  of  course  necessary,  and  the  resistance  of  the 
water  to  acceleration  conspired  with  that  of  the  dynamometer 
proper  to  produce  total  resistance.  In  later  experiments  at 
high  speeds  of  rotation,  a  simple  disk  running  in  still  water,  and 
water  renewed  only  as  required  for  cooling,  was  employed  very 
successfully. 

Professor  Kennedy,  testing  a  Parsons  turbine  with  steam 
superheated  to  various  degrees,  found  the  consumption  of  steam 
per  electrical  horse-power  per  hour,  with  97  pounds  steam  press- 
ure, 14  inches  vacuum,  developing  from  37.5  electrical  horse- 
power to  164.9,  to  vary  from  a  maximum,  32.9  pounds  at  the 
smallest  power  and  with  20  degrees  Fahr.  superheat,  to  23.3  at 
92  electrical  horse-power  with  37  degrees  Fahr.,  to  20.8  at  148.5 
electrical  horse-power  and  67  degrees  superheat,  and  to  20.3 
pounds  at  165  electrical  horse-power  with  55  degrees  superheat ; 
but  just  how  the  gain  is  to  be  apportioned  between  that  due  to 
increasing  delivery  and  to  increasing  superheat  is  uncertain. 

Eateau  reports  the  results  of  about  forty  experiments  with  a 
turbine  having  a  disk  thirty  centimeters  in  diameter  (12  inches, 
nearly),  selected,  as  he  states,  from  thousands,  in  which  the  total 
efficiency,  the  ideal  taken  as  unity,  ranges,  for  engine  and  dyna- 
mo attached,  from  three  to  four  tenths,  averaging  about  0.375, 
with  initial  steam  pressures  of  about  eight  atmospheres,  back- 
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pvesBnies  one  atmosphere,  revolations  6,000  and  consumption 
per  kilowatt  hour  of  25.S  kilograms.  The  highest  figures  for 
effioien<7  are  0.408»  with  ten  atmospheres  steam  pressure,  one- 
third  afanoqphere  back-pressure,  18,000  revolutions,  and  16.5 
kilograms  (35  pounds)  per  kilowatt  hour.  The  voltage  was  usu- 
ally about  lOOt  the  amperage  rose,  in  the  case  last  cited,  to  342 
with  11&5  volts,  40.6  kilowatts.  The  best  results  were  secured 
with  two  nozzles.  Bj  total  efficiency  is  here  understood  the 
ratio  of  electric  energy  developed  by  the  dynamo  to  the  total 
enei^  computed  as  available  in  the  steam  supplied.  Plotting 
the  speeds  and  efficiencies  of  this  turbine,  it  was  easy  to  ascer- 
tain the  influence  of  the  former  upon  the  latter,  and  it  proved 
that  a  higher  speed,  21,500  revolutions,  would  have  been  better 
than  the  speed  actually  adopted  with  this  individual  machine 
and  would  have  given  a  total  efficiency  of  0.45,  more  than  ten  per 
ceni  of  its  own  value  higher  than  the  best  figure  attained  dur- 
ing the  series  of  trials  reported.  This  would  have  given  a  speed 
of  periphery  of  about  325  meters  per  second,  1,066  feet  per 
second,  63,960  feet  per  minute,  700  miles  an  hour  nearly. 

The  efficiency  of  the  turbine,  apart  from  its  driven  mechanism, 
the  dynamo,  in  this  case  approximates  in  the  assumed  case  50 
per  ceni  that  of  the  ideal,  reckoned  from  efficiency  unity  for 
heat  transformation.  This  is  equivalent  to  saying  that  the 
steam-turbine,  in  this  case,  demands  twice  as  much  steam  as 
its  ideal  prototype,  the  perfected  steam-engine  working  in  the 
Rankine-Clausius  cycle.  This,  in  turn,  means  wastes  of  one- 
half  of  the  heat  supplied  and  probably  in  some  such  proportion 
as  this :  friction  of  journals  and  of  fluid,  10  per  cent,  each,  20 
per  cent.,  conduction  and  radiation  10  per  cent.,  leakage  20. 

The  Curtis  Steam  Turbine,  a  more  recent  invention,  is  to 
be  classed  with  the  axial  turbines  and  is  a  compound  wheel.  A 
pair  of  wheels  turn  on  a  single  shaft,  the  one  taking  steam  from 
a  nozzle  suitably  adjusted  and  conducting  the  steam  from  the 
steam-pipe  and  boiler  to  the  turbine ;  the  other  taking  the 
expanded  steam  rejected  from  the  first  turbine  and  still  further 
reducing  its  pressure  while  it  expands  to  the  lower  limit  of  ten- 
sion and  higher  limit  of  volume,  at  this  limit  discharging  it  into 
either  the  atmosphere  or  a  condenser.  The  intermediate  guide- 
curves  are  mounted  upon  a  fixed  disk,  set  between  the  two  re- 
volving turbine-disks.     By  thus  compounding,  this  turbine,  like 

other  compound  machines,  is  adapted  to  a  comparatively  low 
15 
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velocity  of  rotation.  The  novel  feature  of  the  machine,  as  dis- 
closed by  reference  to  the  patent-drawings,  is  seen  to  be  a 
peculiar  and  ingenious  form  of  nozzle  which  permits  the  adap- 
tation of  the  steam-supply  to  the  requirements  of  the  load,  by 
the  automatic  action  of  the  governor,  at  a  constant  and  maximum 
initial  tension,  thus  avoiding  throttling  and  permitting  the 
maintenance  of  boiler-pressure,  approximately,  and  the  complete 
utilization  of  the  thermodynamic  advantages  of  full  boiler-press- 
ure and  most  complete  expansion.  The  delivery  of  steam  may 
also  be  made  to  take  effect  at  several  vanes  in  a  group,  and  some 
reduction  may  be  thus  effected  in  the  leakage  waste. 

Beported  tests  of  this  turbine  give  a  performance,  at  a  steam- 
pressure  of  130  pounds  by  gauge,  and  with  a  vacuum  of  28 
inches,  of  24  to  27  pounds  of  steam  per  horse-power-hour, 
measured  by  the  break,  and  at  2,800  revolutions  per  minute, 
with  powers  ranging  from  about  125  down  to  40,  non-condensing, 
figures  are  given  as  35  to  45,  between  180  and  60  horse-power, 
as  compared  with  a  probable  20  to  45  pounds  of  feed-water 
under  similar  ranges  of  condition  for  the  reciprocating  engine. 
Its  weight  is  about  one-fifth  that  of  the  latter  at  similar  powers, 
and  it  has  about  one-tenth  the  volume. 

The  Effect  of  the  Presence  of  Water  in  the  Steam  Driving 
a  Steam  TurUne,  thermodynamically,  is  practically  nil.  This 
is  shown  both  by  a  study  of  the  form  of  the  expression  for 
thermodynamic  efficiency  of  the  type-cycle,  in  which  it  is  evi- 
dent that  no  ordinary  amount  of  moisture,  at  least,  could  affect 
its  value,  by  the  examination  of  the  expansion-curve,  in  the 
cycle,  which  is  the  only  part  of  the  cycle  affected  by  the  intro- 
duction of  water  with  the  steam,  and  also,  and  more  convincingly^ 
by  direct  experiment.* 

That  the  removal  of  moisture  from  the  steam  and  the  pro- 
vision of  superheated  steam  effects  an  important  gain  in  the 
steam  turbine  has  been  known  from  the  earliest  work  of  Pro- 
fessor Ewing  made  with  this  comparison  in  view.  What  the 
method  of  gain  is,  however,  may  not  be  so  easy  to  see,  when  it  is 

*  Professor  Jacobus  has  shown  this  fact  hy  direct  experiment  and  frequent 
experiments,  direct  and  indirect,  on  other  forms  of  heat-motor,  on  record  in 
the  transactions  of  the  A.  S.  M.  E»  and  elsewhere,  prove  that,  while  the  slightest 
amount  of  superheat  produces  a  relatively  important  gain,  the  quality  of  reaUy 
wet  steam  may  greatly  vary  without  perceptible  variation  of  efficiency,  what- 
ever the  type  of  engine.— Traw^.  A.  S.  M.  E.,  1897,  vol.  xviii.,  p.  699. 
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understood  that  it  cannot  be  a  thermodynamic  gain  of  any 
large  amount.  That  a  gain  in  capacity  may  be  secured  by 
superheating  has  probably  not  been  realized  by  the  average 
practitioner,  even  though  familiar  with  the  principles  and 
practice  involved  in  the  production  of  the  steam  turbine  of  high 
efficiency. 

Comparing  the  reported  efficiencies  of  the  steam  turbine  with 
the  ideal  efficiency  of  the  representative  cycle,  it  is  seen  that 
there  is  a  large  discrepancy  to  be  accounted  for,  as  large  as  in 
the  case  of  the  ordinary  engine  ;*  while  it  is  equally  evident 
that  it  cannot  be  attributed,  as  in  the  piston  engine,  mainly 
to  internal  condensation  due  to  varying  temperature  of  metal  in 
contact  with  the  working  fluid.  Thus,  in  the  turbine  operating 
with  one  hundred  pounds  boiler  pressure  and  with  a  vacuum 
of  26  inches,  corresponding  practically  to  two  pounds  back- 
pressure, absolute,  the  demand  for  steam  with  complete  expan- 
sion should  be  about  10  pounds  of  steam  or  feed  water  per 
indicated  horse-power,  and  about  10,000  British  thermal  units 
per  unit  of  work  and  time  ;  while  the  best  work  of  the  real  steam 
turbine  is  about  double  this  quantity  for  similar  conditions, 
so  far  as  obtainable.  One-half  the  power-equivalent  of  the 
heat  supplied  in  the  steam  is  thus  lost.  This  loss  cannot  have 
occurred  through  the  action  of  *' cylinder-condensation " — 
which  might  account  for  it  in  a  wasteful  steam  engine  of  the 
common  type — ^but  must  be  traced  to  either  enormous  friction 
or  equally  remarkable  waste  by  leakage  or  by  conduction  and 
radiation.  The  latter,  however,  must  be  less  than  in  the  piston- 
engine  ;  for  the  new  motor  is  much  smaller  and  has  smaller 
radiating  surfaces  for  similar  heat  expenditure  and  power- 
development.  Leakage  might  readily  account  for  such  losses 
and  more  ;  but  a  well-made  steam  turbine  need  not  be  subject 
to  this  waste  in  very  extraordinary  degree.  The  one  remaining 
possible  source  of  serious  loss  of  power  is  friction.  The  friction 
of  rubbing  is  comparatively  small  and  can  be  readily  ascer- 
tained with  a  fair  degree  of  accuracy,  as  it  is  comparable  with 
that  of  the  cotton- spindle.  The  waste  is  not  at  that  point ;  it 
apparently  can  only  be  fluid  friction  and  that  may  be  very 
large  at  speeds  of  relative  motion  of  surfaces  between  which 
water  may  be  caught,  such  as  exist  in  the  steam  turbine.     It 


♦  Tram.  A.  8,  M.  E.,  No.  833, 1899,  vol.  xxi.,  p.  185. 
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is  probably,  therefore,  fair  to  assume  that  we  have  found  a 
main  cause  of  the  difference  between  the  efficiencies  of  the 
ideal  and  of  the  corresponding  real  steam  turbine  :  fluid-friction, 
friction  of  water  carried  into,  or  produced  by,  condensation 
caused  by  exit  of  heat  from  the  machine. 

Two  essential  conditions  in  operating  the  steam  turbine  are 
thus  found  to  be  required  to  insure  the  highest  efficiency  of  the 
steam  turbine.  These  are  obvious  thermodynamic  requisites, 
but  their  advantage  in  this  case  is  not  all,  or  even,  in  the  case 
of  one  of  them,  certainly,  mainly  due  to  thermodynamic  gain. 
They  are  (1)  the  use  of  superheated  steam,  (2)  the  employment 
of  a  good  condenser  and  a  minimum  back-pressure. 

The  reason  of  the  importance  of  these  conditions,  and  of  their 
effectiveness  in  securing  a  good  performance  with  any  given 
machine,  is  the  extreme  susceptibility  of  this  form  of  motor  to 
friction-wastes  of  energy  and  loss  of  efficiency  through  seemingly 
minute  resistances. 

The  influence  of  friction  in  producing  wastes  of  energy  in  a 
fast-running  machine  are  at  once  realized  and  appreciated  when 
it  is  considered  that  the  work  thus  wasted  is  the  product  of  a 
resistance  into  a  distance,  and  that,  in  the  case  of  the  steam  tur- 
bine, the  velocity  is  enormously  greater  than  that  of  the  perform- 
ance of  work  in  any  other  motor.  The  factor  of  that  lost  work 
represented  by  the  resistance,  at  any  given  value  of  the  product 
B  X  F,  is  reduced  in  proportion  to  this  magnified  speed. 

A  steam  turbine  of  ten  inches  diameter  is  operated  regularly  at 
20,000  revolutions  a  minute ;  its  velocity  of  periphery  is  thus 
about  ten  miles  a  minute,  600  miles,  500  knots,  nearly,  an  hour.  In 
the  formula  for  horse-power  of  vessels,  calling  F  statute  miles, 

/.  ILP.  =  S  FV  20,000; 

for  unity  of  area,  S=l,  this  gives  the  horse-power  to  drive  one 
square  foot  of  area  through  water  at  500  nautical  miles  an 
hour,  as 

/.  H.  P.  =  500^/20,000  =  6,250  IT.  P. ; 

above  6,000  horse-power  to  drive  one  square  foot  through  water 
at  the  rate  at  which  the  periphery  of  the  steam  turbine  some- 
times moves.     One  of  our  recent  transatlantic  steamers  would 
demand  320,000,000  horse-power  at  this  speed. 
Assume  a  drop  or  a  film  of  water  to  lie  between  the  disk  of 


THE  STEAM  TUBBIMB.  229 

the  turbine  and  tiie  CMmg,  and  to  act  in  resistance  as  does  water 
on  the  snr&oe  of  a  fOiip  in  motion,  the  film  to  have  a  superficial 
area  of  one  one-hundredth  of  a  inch ;  the  resistance  would 
be  the  above  figare,  6,260,  divided  by  14,400,  nearly  one-half  of 
a  horse-power  for  eaoh  drop.  Assume  a  thread  of  water  in  the 
steam  turbine,  between  wheel  periphery  and  casting,  having  the 
measure,  0.001  inch  width  and  31.416  inches  length,  0.03  square 
inch  area ;  its  resistanoe  under  these  conditions  would  be  about 
one  and  a  half  horse-power. 

Assume  a  drop  of  water,  one-tenth  of  an  inch  in  diameter,  to 
drip  from  the  casing  upon  the  wheel  and  thus  to  take  up  energy 
otherwise  transferred  for  useful  work.  The  energy  wasted 
would  be  the  product  of  the  weight  into  the  half*square  of  the 
final  velocity,  imV^  =  iw  F V g;  or,  in  feet,  seconds,  pounds 
and  foot-pounds,  the  loss  per  minute  is 

-£*=  120  foot-poxmds,  nearly, 

or  practically  one  horse-power  per  each  275  drops,  at  the 
periphery  of  the  wheel.  It  is  possibly  the  fact  that  drops  could 
hardly  fall  upon  the  wheel  in  such  manner  and  numbers  as  to 
produce  so  important  an  effect;  since  the  drops  are  usually 
carried  on  with  the  stream  of  motor  fluid  and  bring  energy  into 
the  turbine,  which  may  be  surrendered  to  the  motor  rather  than 
absorb  energy  from  it ;  but  yet  there  is  more  or  less  of  friction 
of  the  kind  here  discussed,  and  some  action  of  the  kind  just 
referred  to,  undoubtedly,  occurs.  What  is  sought  here  is  simply 
to  impress  upon  the  mind  the  enormous  influence  of  friction 
upon  the  steam  turbine  in  reduction  of  its  eflSciency.  Even  the 
shaft-bearings  have  a  rate  of  waste  of  power,  due  their  high 
velocity  of  rubbing  surfaces,  that  would  hardly  be  anticipated  by 
one  who  had  not  looked  into  that  matter. 

Assume  a  shaft  one  inch  in  circumference  at  the  journal, 
spinning  at  the  rate  of  20,000  revolutions  per  minute,  and  its 
friction  to  be  one-fourth  as  great  as  if  running  in  water ;  then 
the  length  of  journals  being  total,  two  inches,  the  area  of  rub- 
bing surface  would  be  0.014  square  foot;  its  velocity  is  1,666 
feet  per  minute;  its  resistance,  on  the  basis  assumed  above, 
would  absorb  nearly  a  fifth  horse-power.  Precisely  what  is  the 
friction  of  the  lubricated  journal  at  these  speeds  is  not  known ; 
but  its  resistance  would  undoubtedly  follow  the  law  of  increase 
with  speed  illustrated  by  all  fluids;  the  deduction  following 
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that,  with  the  steam  turbine,  the  necessity  of  insuring  minimum 
friction  of  journals,  as  well  as  of  disk  rotation  within  the  atmos- 
phere of  vapor,  air  and  rain,  or  mist,  or  which  surround  it,  is 
vastly  more  imperative  than  in  the  case  of  ordinary  machinery 
of  comparately  low  speeds  of  moving  parts. 

The  cream  separator  and  other  "  centrifugals  "  are  admirable, 
as  affording  opportunity  to  employ  the  peculiar  form  of  motor 
with  which  we  have  here  to  deal.  They  are  speeded  up  to 
5,000  or  10,000  revolutions  per  minute ;  and  even  the  reaction 
steam  wheel  of  Hero  may  do  very  good  work  with  them  in  com- 
petition with  the  small  and  wasteful  steam  engine  of  reciproca- 
ting type  constituting  their  alternative.  Standard  speeds  are 
6,000  to  7,500  revolutions  per  minute,  and  a  common  perform- 
ance gives  about  3  horse-power  per  1,000  pounds  of  milk  sepa- 
rated in  ordinary  creamery  work.*  Some,  however,  are  far 
more  efficient  than  others.  The  steam  consumed  in  reported 
trials  is  given  as  40  pounds  per  horse-power  hour,  which  is 
much  below  the  consumption  of  the  average  steam  engine  of 
similar  power— say,  3  to  5  horse-power. 

When  it  is  considered  that  at  a  not  unusual  speed  of  periph- 
ery of  the  disk  of  the  centrifugal,  6,600  feet  per  minute,  the 
impulse  factor  for  1  horse-power  is  but  33,000/6,600  =  5 
pounds,  and  that  for  the  range  25,000  to  50,000  feet  per  minute, 
which  may  be  taken  as  that  of  the  working  of  the  steam  turbine 
in  commercial  sizes,  it  is  as  low  as  from  1.3  to  0.66  pound  at 
the  radius  of  the  wheel,  it  is  easily  realized  that  the  slightest 
friction,  whether  of  solids,  of  fluids,  or  "mediate,"  must  sensibly 
affect  efficiency.  It  is  thus  easily  understood  that  even  the 
friction  of  the  air  or  the  atmosphere  of  vapor  surrounding  its 
whirling  disk,  the  touch  of  a  drop  of  water,  or  the  presence  of 
a  film  or  a  thread  of  water  in  the  capillary  space  between  the 
disk  and  the  casing  or  between  two  adjacent  disks,  may  seriously 
affect  its  economical  operation  and  that  of  any  high-speed 
machinery  driven  by  this  prime  mover. 

Velocities  of  from  5  to  10  miles  a  minute,  300  to  600  an  hour, 
are  as  difficult  to  appreciate  and  understand  as  to  deal  with  in 
this  construction.  The  work  constitutes  a  new  department  of 
mechanical  engineering.     The  flow  of  the  steam  into  the  pas- 
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sages  of  the  steam  turbine  at  tlie  pressmes,  now  nsnal,  of  150 
pounds  per  square  inch,  absolute,  approximates  3,000  feet  per 
second,  1801,000  feet  t  nearly  35  miles  >  a  minute,  2«100  miles  an 
hour,  and  the  minimnm  Telocity  of  periphery  of  the  simple 
turbine  of  the  Branca  type,  for  the  ideal  and  perfect  machine, 
shoold  be  one-half  this  figure,  and  for  the  Hero  type>  infinity. 
To  meet  this  demand  the  engineer  must  employ  metal  capable 
of  safely  withstanding  a  stress  of  great  magnitude,  eren  for  the 
Branca  turbine;  and  he  can  never  operate  a  perfect  Hero 
engine  at  its  speed  of  maTimum  efficiency,  although,  fortu- 
nately, the  loss  of  efficiency  down  to  attainable  speeds  is  com- 
paratiyely  small 

Conclusions  follow  from  what  has  preceded,  which  bear 
directly  and  in  an  important  manner  upon  the  principles  of 
design  of  the  steam  turbine  and  its  operation  as  a  source  of 
power: 

(1)  The  steam  turbine  thermodynamically  approximates  in  its 
real  form  more  closely  to  the  ideal  than  does  any  other  type  of 
heat  motor.  Its  cycle  lacks  only  the  introduction  of  the  Carnot 
compression. 

(2)  It  is  entirely  free  from  that  waste,  which  in  the  real  steam 
engine  of  common  type  constitutes  usually,  if  not  inyariably,  the 
most  important  of  its  extra  thermodynamic  losses. 

(3)  It  is  peculiarly  well  fitted  for  use  with  those  very  high 
steam  pressures  as  we  now  regard  them,  which  must  ultimately 
probably  be  resorted  to  by  the  engineer  designing  heat  engines 
in  his  endeavor  to  further  improve  the  efficiency  of  that  class  of 
motors. 

(4)  It  is  only  limited  in  speed  of  rotation  by  the  strength  of 
its  materials  of  construction. 

(5)  It  is  especially  suitable  for  use  with  superheated  steam, 
it  having  no  rubbing  parts  on  which  lubrication  may  be  difficult 
in  presence  of  superheated  steam,  and  the  limit  to  the  super- 
heat, so  far  as  the  motor  is  concerned,  being  only  found  at  that 
point  at  which  increased  temperature  of  metal  produces  reduc- 
tion of  tenacity  in  objectionable  amount.  That  limit,  not  as  in 
earlier  days  of  lubrication  with  animal  oils,  and  still  with  other 
engines,  is  fixed  with  this  machine  at  the  boiler. 

(6)  As  to  its  operation :  it  is  obvious  that  friction  is  peculiarly 
active  for  evil  in  this  motor,  and  that  small  diameters  of  jour- 
nal, freedom  from  contact  of  part  with  part,  except  as  absolutely 
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required  by  the  conatruotion,  and  minimizing  fluid  friction  by 
superheating  steam,  and  by  securing  as  complete  removal  of  the 
atmosphere,  air,  or  vapor  from  about  the  revolving  wheel  as 
practicable,  must  be  carefully  sought  in  order  that  the  mechani- 
cal efficiency  of  the  machine  shall  be  made  a  maximum. 

(7)  The  wastes  of  the  steam  turbine  are  all  extra  thermo- 
dynamic ;  the  loss  due  the  absence  of  adiabatio  recompression 
excepted.  They  consist  of  ( I )  journal  friction,  which  is  made  a 
minimum  by  the  use  of  a  flooded  bearing  and  a  liglit  ungent: 
(2 1  fluid  friction  between  disk  and  leakage  steam,  or  suspended 
moisture  in  the  jet,  which  may  be  made  a  minimum  by  super- 
heating, and  between  the  disk  and  its  enclosing  atmosphere  of 
vapor,  which  may  be  minimized  by  the  employment  of  a  good 
condenser  ;  (3)  loss  of  heat  and  of  ateam  by  leakage,  which  may 
be  reduced  to  a  minimum  by  durable  material,  fine  workman- 
ship, and  close  fits;  (i)  waste  by  incomplete  expansion,  which 
may  be  reduced  to  a  limit  determined  by  the  finance  of  the  case, 
by  the  resultant  increaae  of  friction  and  of  cost  due  the  neces- 
sary enlargement  of  the  turbine;  and,  finally  (5 1,  thermo- 
dynamic waste  by  failure  to  secure  that  complete  adiabatic 
recompression  of  the  fluid  which  is  necessary  to  convert  the 
Bankine-Clausius'  cycle  into  that  of  Carnot.  The  latter  is  a 
peculiarly  difficult  matter  with  the  steam  turbine,  since  it  prob- 
ably necessarily  involves  the  employment  of  a  separate  vapor- 
compression  pump  of  special  character,  and  an  amount  of  added 
work  and  cost  which  may  introduce  losses  more  than  compensa- 
ting its  gains. 

Summarizing: — The  steam  turbine  should  be  operated  with 
steam  of  maximum  safe  pressure,  at  a  constant  and  suitable 
speed,  with  superheated  steam  and  good  condensation.  Under 
variable  load,  the  "  partial "  turbine  construction  or  its  equiva- 
lent should  be  adopted,  and  the  power  adjusted  to  the  load  by 
variation  of  the  steam  supply  by  the  goveraor,  in  such  manner 
as  to  permit  its  action  in  correspondingly  varying  quantity  at 
constant  initial  pressure,  and  with  always  complete  expansion, 
and  with  constant  speed.  Where,  as  in  marine  engineering,  the 
turbine  drives  a  load  varying  with  necessarily  varying  speed. 
the  endeavor  should  be  made  to  secure  a  constant  speed  of 
steam  turbine  whUe  permitting  varying  speed  of  screw  shafts. 
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NOTES. 

L— Thb  Avert  Engine. 

William  Ayezy's  firteam  tnrbine,  a  reaction  wheel  of  the  Hero 
type,  as  built  at  Syraoose,  N.  Y.,  prior  to  1883,  had  a  diameter 
between  the  orifices  of  3  feet,  and  a  speed  of  3000  revolutions  per 
minute.  Several  of  his  engines  were  in  operation  in  1835,  and 
**  to  the  entire  satisfaction  of  those  who  use  them/'  according 
to  the  American  Meohanida  Magasdne  of  1836.  Mr.  N.  Felt,  of 
Cicero,  N.  Y.,  reported  May  1, 1835,  that  the  turbine  driving  his 
sawmill,  built  by  Messrs.  E.  Lynds  &  Son  of  Syracuse,  an  Avery 
steam  turbine,  demanded  two-thirds  the  quantity  of  fuel  for- 
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merly  consumed  by  the  reciprocating  piston  engine  which  it  had 
displaced. 

I  am  indebted  to  Prof.  J.  E.  Sweet,  past-president  of  the  Amer- 
ican Society  of  Mechanical  Engineers,  for  the  following : 

"  The  figured  drawing  is  from  an  engine  still  in  existence.  The 
arm  is  made,  with  the  exception  of  the  end-pieces  and  knife- 
blades,  of  two  pieces  of  iron  brazed  together  from  end  to  end  at 
the  edges.  The  issues  (as  Mr.  Avery  designated  them)  are 
I  inch  by  J  inch  each.  The  amount  of  steam  that  would  flow 
through  these  insignificant  orifices  was  enormous,  and  no  doubt 
from  the  reason  pointed  out  by  Professor  Webb  that,  at  the 
enormous  velocity  the  arms  acquired,  centrifugal  force  added 
greatly  to  the  pressure  at  the  outlet.  If  this  is  true,  as  it  must 
be,  then  this  comes  the  nearest  to  self-created  force  of  anything 
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in  mechanics.  The  speed  of  the  tips  of  the  arms  of  a  7-foot 
rotary  placed  upon  a  locomotive,  in  1836,  which  was  put  upon  a 
railroad  near  Newark,  N.  J.,  and  ended  its  life  in  a  ditch,  is 
stated  in  Mr.  Avery's  notebook  to  have  been  at  one  time  14^ 
miles  in  a  minute.  The  additional  pressure  due  to  centrifugal 
force  of  a  5-foot  arm  moving  at  10  miles  a  minute  would  be,  if 
no  mistake  has  been  made  in  the  figures,  something  like  9,000 
times  the  weight  of  the  body,  so  that,  even  though  steam  is  light, 
its  pressure  would  be  greatly  increased  over  that  due  to  boiler 
pressure. 

"  The  difficulties  met  with  were  the  end-pressure  on  the  hol- 
low shaft,  which  was  overcome  by  running  the  end  of  the  shaft 
against  the  edge  of  a  wheel  set  at  right  angles.  The  trouble  in 
setting  up  the  packing  around  the  hollow  shaft,  as  a  little  extra 
friction,  became  a  large  factor,  and  the  fatal  thing  was  that  the 
knife-edges  at  the  ends  of  the  arms  coming  in  contact  with  the 
steam  issuing  from  the  opposite  arm,  it  cut  them  away  so  as  to 
require  too  frequent  renewal.  Noise,  too,  was  an  objection.  The 
economy  of  the  engine  was  about  the  same  as  the  common  slide- 
valve  engines ;  for  when  slide-valve  engines  were  substituted  for 
them  they  could  saw  no  more  lumber,  but  made  less  noise  and 
avoided  having  to  send  them  to  the  shop  every  two  or  three 
months  to  have  the  knife-edges  renewed. 

"  There  has  been  a  conviction  in  the  mind  of  the  writer  for 
thirty  years  that  an  expanded  nozzle  at  the  issues  would  give  the 
benefit  of  expansion,  and  the  expanded  nozzle  of  the  De  Laval 
engine  confirms  this  notion.  With  this  improvement,  the  use 
of  a  mechanical  fit  in  place  of  stuffing-box,  and  with  the  adop- 
tion of  modem  methods  to  deaden  the  noise,  it  is  likely  the 
Avery  engine  could  be  made  to  rival  the  De  Laval,  and  possibly 
the  steam  turbine  ;  but  even  then  the  high-speed  rotary  requires 
a  troublesome  reducing  motion  and  lacks  a  governor  to  make  it 
rival  the  reciprocating  engine." 

11. — Comparative  Efficiencies. 

In  any  form  of  impulse-wheel,  whether  the  fluid  be  liquid  or 
gaseous,  a  maximum  efficiency  will  be  attained  when  the  velocity 
of  the  stream  at  entrance  upon  the  wheel  is  a  maximum,  the 
entrance  smooth  and  without  disturbance  of  the  flow,  the  motion 
through  the  wheel-disk  smoothly  retarded,  and  the  rejection 
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effected  at  iniiriTniiin  Telocity,  witliont  farther  expansion  of  vol- 
ume in  the  case  of  the  vapor  or  gas,  and  without  other  motion 
of  the  lejeotod  flnid  than  that  of  the  jet  as  a  whole.  For  ef- 
fieienoj  unity,  the  entering  stream  must  have  the  maximum  veloc- 
ity dne  the  head,  the  final  velocity  with  respect  to  the  earth,  both 
as  a  mass  and  in  ite  interior  elemente,  being  made  zero.  This 
is  evidently  impracticable,  bat  losses  a^regating  more  than  10 
to  20  j>er  cent  may  be  avoided,  in  best  practice,  where  the  de- 
sign, the  constraction,  and  the  operation  are  alike  good. 

Coold  such  perfect  development  of  kinetic  energy  be  secured, 
and  as  perfect  utilization  by  its  absorption  in  the  wheel,  the 
following  would  be  approximately  the  efficiencies  for  fluids 
expanding  from  seven  atmospheres  to  one,  or  for  liquids  falling 
from  altitudes  corresponding  in  their  equivalent  pressures,  the 
back-water  level,  in  the  latter  case,  being  teken  as  32  feet  below 
the  point  of  discharge  of  the  water,  for  the  hydraulic  machine— 
a  comparison  only  fair  for  our  present  purposes : 

Impact- Whbkl  Efficiknciss. 

Wftter,  between  224  feet  head  and  83 0.148 

Steam,  between  7  atmoepheies  and  1 0.142 

Carbon  disalphide 0.181 

Ammonia 0.148 

Ether 0.154 

m.— Vabying  Loads  and  Epfioienoies. 

A  serious  fault  of  the  common  turbine,  for  many  places  and 
purposes,  is  ite  defective  efficiency  at  low  or  irregular  speeds, 
and  especially  where  lower  speeds  than  that  appropriate  to  the 
design  must  be  adopted  for  any  considerable  proportion  of  the 
working  time.  Experience  with  the  steam  turbines  driving  the 
Viper  shows  that,  at  15  knots,  one-eighth  full  power,  they  have 
not  full-load  efficiency.  This  is  apparently  an  inherent  defect, 
coming  of  the  necessity  of  adjusting  the  speed  to  the  velocity  of 
flow  of  the  steam,  of  the  comparatively  small  variation  of  that 
rate  of  flow  with  varying  pressures,  and  of  the  rapid  departure 
of  the  value  of  its  efficiency  from  its  maximum  with  any  varia- 
tion of  velocity  from  the  best  speed.  At  two-thirds  power  and 
31  knote,  however,  the  fuel-consumption  fell  below  the  guarantee, 
2.5  pounds. 

The  case  is,  in  this  respect,  precisely  that  of  the  hydraulic 
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turbine,  whiqh  sometimes  consumes  nearly  as  much  water  at 
part-gate  as  at  full-gate,  while  the  best  often  lose  50  per  cent, 
of  their  maximum  efficiency,  notwithstanding  the  fact  that  the 
water  wheel  usually  maintains  a  constant  speed.  Were  the 
speed  also  to  vary,  as  is  necessarily  the  case  in  marine  engines 
with  reduced  powers,  the  loss  would  be  in  still  larger  propor- 
tion. With  turbines  driving  machinery  in  mills  and  factories 
at  a  constant  speed,  as  is  almost  uniyersally  the  case,  the  ef- 
ficiency has  been  found  to  drop  from  80  per  ceni  to  about  20,  the 
load  falling  from  its  maximum  to  15  per  cent,  or  less  of -that 
figure.  At  half  load,  the  efficiency  often  ranges  near  60  per 
cent.,  the  maximum  at  full  load  being  80.  Some  such  variations 
must  be  expected  with  the  ordinary  steam  turbine.  In  the  case 
of  the  stationary  engine,  special  designs,  as  of  *^  partial  turbines," 
may  permit  some  evasion  of  this  loss  by  adjustment  of  the 
number  of  working  jets  and  passages  to  the  demand  for  work ; 
but  this  is  less  readily  accomplished  at  sea,  for  example,  where 
the  reduced  load  also  means  lower  speed. 

The  steam  turbine,  however,  has  been  so  well  adapted  to  this 
case  that  Mr.  Parsons  reports  the  following  figures  for  uniform 
speed  in  an  electric  lighting  set."^ 

Part-Load  Eppicikncy  op  Steam  Turbine. 

Overload 

Full  load 

Three-quarters  load 

Half  load 

Quarter  load 

No  load 

1'he  steam- pressure  was  130  pounds  at  the  engine,  and  the 
steam  was  superheated  18  degrees  Fahr.  The  best  of  the  re- 
ported figures  corresponds  closely  to  12  pounds  per  indicated, 
and  13  pounds  per  brake  horse-power,  according  to  Mr.  Parsons, 
who  thinks  it  perfectly  practicable  to  design  a  steam  turbine 
outfit  that  will  satisfactorily  drive  at  all  required  speeds  and 
with  comparatively  small  variation  in  efficiency,  competing  in 
this  respect  with  the  ordinary  type  of  engine  for  similar  ser- 
vice. 

*  The  Engineer,  London,  November  80,  1900,  page  444. 
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lY. — ^Dxaiaiiixia  Guide-Gubyes  and  Passages. 

The  prooess  of  designing  the  guide-curves  and  passages  of 
the  steam  turbine  should  begin  with  the  proportioning  of  the 
nozzle^  which  should  be  so  designed  that  it  will  receiye  the  pro- 
posed quantity  of  steam  at  initial  pressure,  permit  its  expansion, 
as  nearly  as  practicable  in  the  manner  and  at  the  rate  necessary 
to  secure  the  continuous  transformation  of  its  stored  energy 
into  the  work  of  acceleration,  from  initial  to  final  deliyery  press- 
ure, smoothly  and  without  eddies  or  abrupt  changes  of  either 
direction  or  section,  until  it  deliyers  the  steam,  in  a  compact 
jet,  at  the  right  point  and  in  the  right  direction,  at  the  point  of 
reception  by  the  wheel. 

The  wheel  passages  should  be  so  designed  that  the  jet  may  be 
received  into  them  at  the  section  of  stream  and  speci&c  volume 
of  fluid  at  which  it  leaves  the  nozzle,  may  be  smoothly  guided 
through  the  arc  required,  and  with  continuous  reduction  of 
velocity,  until,  on  leaving  the  passage,  it  is  brought  down  to  the 
proposed  minimum  velocity  of  discharge  and  into  the  intended 
direction,  with  minimum  energy  with  respect  to  the  earth  and 
with  the  proper  flow  relatively  to  the  wheeL 

The  most  systematic  and  scientific  method  of  laying  down 
these  paths  through  the  jet  and  the  wheel  is  that  of  plotting 
the  path  of  the  jet  in  space— its  line,  its  velocities,  and  varia- 
tions of  section  being  determined  from  its  entrance  into  the  jet 
to  its  discharge  from  the  wheel.  This  being  accomplished,  it 
can  be  seen  just  how  far  the  designer  can  go  in  the  direction  of 
reversal  of  the  motion  of  the  jet  while  in  the  wheel,  and  just 
what  clearances  must  be  allowed.  The  path  relatively  to  the 
earth  being  thus  determined,  and  the  motion  of  the  wheel  being 
knowD,  it  becomes  possible  to  lay  down  in  a  somewhat  similar 
manner  the  path  of  the  stream  relatively  to  the  wheel-disk,  and 
thus  to  ascertain  the  proper  shape  of  the  passages  across  the 
disk.  With  hydraulic  turbines  some  latitude  is  permitted  in 
assuming  the  laws  of  acceleration  and  of  retardation  of  the  in- 
elastic fluid  with  corresponding  modifications  of  the  forms  and 
proportions  of  section  of  the  wheel  passages  ;  but  this  is  in  less 
degree  true  of  the  perfectly  elastic  steam  jet,  and  the  natural 
accelerations  and  retardations  of  the  fluid  must  be  accepted 
and  arranged  for  in  proportioning  all  passages  in  nozzles  and 
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wheels.^  If  the  passages  of  the  guide  curves  and  buckets  of 
the  hydraulic  motor  are  smoothly  curved  and  varied  in  section, 
it  matters  comparatively  little  precisely  what  method  of  varia- 
tion of  direction  and  section  is  adopted,  provided,  only,  that  the 
initial  and  final  velocities  of  the  stream  are  respectively  a  maxi- 
mum and  a  minimum  and  are  in  parallel,  respectively,  with  the 
path  of  the  receiving  and  the  discharging  orifices  on  the  wheel. 
In  the  case  of  the  gas  or  vapor  turbine,  the  elasticity  of  the 
fluid  must  be  considered,  and  the  nozzles  and  the  wheel- pas- 
sages must  be  carefully  proportioned,  to  permit  the  natural  and 
smooth  evolution  of  kinetic  energy  and  its  steady  absorption  by 
the  turbine  disk.  The  enormous  velocity  of  the  fluid  along  the 
passages,  and  the  comparative  shortness  of  these  paths  within 
which  this  energy-transfer  takes  place,  tend  to  make  necessary, 
as  nearly  as  possible,  rectilinear  paths  across  the  wheel  disk, 
with  uniform  retardation,  and  the  design  of  the  curves,  on  and 
in  the  wheel,  which  shall  permit  nearly  rectilinear  movement 
of  the  fluid  in  space,  must,  for  full  success,  be  mathematically 
accurate,  and,  in  construction,  perfectly  reproduced  by  the  work- 
man or  his  tools,  which  are  best  automatic  like  the  gear- 
cutter. 

The  best  form  of  curve  is  that  which  causes  least  loss  of 
energy  and  at  the  same  time  produces  such  total  centrifugal 
action,  if  any,  as  may  be  best  for  the  kind  of  wheel  to  be  con- 
structed— I.e.,  that  which  gives  minimum  centrifugal  action  in 
outward,  and  maximum  in  inward,  flow-wheels.  Losses  of 
energy  due  to  friction  and  malguidance  are  least  in  paths  of 
smallest  curvature.  Centrifugal  action  is  maximum  on  curves 
of  small  curvature,  and  on  those  which  deviate  least  at  the 
terminal  end ;  while  it  is  zero  when  the  path  of  the  fluid  in 
space  is  a  straight  line,  since  its  magnitude  is  determined  en- 
tirely by  the  path  in  space,  not  by  the  path  on  the  wheel. 

The  curve  may  be  laid  down  very  readily  by  plotting  the 
desired  path  in  space  on  a  full-size  drawing  of  the  wheel,  and 
from  it  determining  the  path  on  the  wheel ;  or  it  may  be  ob- 
tained by  tabulating  a  series  of  differences  of  absolute  and 
relative  velocities  of  the  fluid  and  of  velocities  of  wheel,  and 
laying  down  the  curve,  step  by  step,  as  the  resultant  of  the 

*Tbe  writer  has  shown  how  these  paths  are  to  be  laid  down  and  passages  de- 
signed from  the  plotted  curves  in  Joum.  Franklin  Inti.,  December,  1888. 
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motions  of  the  Tapor  and  the  wheel ;  or  it  may  be  directly 
plotted  from  its  equation. 

As  already  and  long  since  shown  by  the  writer,  these  equa- 
tions are  often  easily  derived  when  the  conditions  are  specified.^ 

n  =  the  ratio  -  of  the  radii  at  the  points  of  entrance  and 

exit, 
a  =  the  terminal  angle  between  the  jet  and  tangent, 
P  =  the  angle  of  discharge, 
u  =  velocity  of  direct  flow, 
Wx  =  velocity  of  whirl  of  receiving  side  of  wheel, 
w%  =  velocity  of  whirl  of  discharging  side  of  wheel, 
a  =  angular  velocity  of  the  wheel, 
^'i,  r2  =  the  radii 

The  elementary  angle,  dy^  traversed  on  the  wheel  is  the  dif- 
ference between  the  angles,  dq)  and  dB^  traversed  by  the  wheel 
and  by  the  fluid*     Then 

dy  ^d<P'-de (1) 

The  angle  moved  through  by  the  wheel  is  always  directly 
proportional  to  the  time,  since  the  rotation  of  the  wheel  is  uni- 
form, and 

dcp-cdi (2) 

The  motions  of  the  fluid,  both  in  whirl  and  in  direct  flow,  are 
determined  by  the  designer.  In  illustration,  take  two  common 
cases  : 

(1)  Let  the  path  of  the  fluid  in  space  be  rectilinear  and  the 
retardation  uniform. 

The  equation  of  the  path  is  then 

As  =  {r  —  Ti)  cosec.  a, (3) 

and,  since  retardation  is  uniform, 

de^  ~^' ^*^ 

Then 

d<p  =  cdt)  d8=^  V^dt  -ftdt, (5) 


r^r,  =  sin.r.(F,|:-i/Jj,      ....     (6) 


*  7', 


Trans.  A.  8.  M.  E.,  1888. 
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and,  for  any  yalne  of  q.*^ 

The  values  of  the  constants  are  easily  determined.  Vi  is  the 
velocity  of  exit  from  the  nozzle,  and  is  obtained  from  the  equa- 
tion 

F,  =  — ?^i— (8) 

cosec  tr  ^  ^ 

The  value  of  <?  is  known  when  the  speed  of  the  wheel  is  given 
and/  is  fixed  by  the  value  of  F„  thus : 

_Vl       _Vl  _  u}  cosec*  /? 
«i  -  2/ '  ^ ""  2/  ""         y        ;    .    .    .    .    (y) 

/  X  R      ^^-  ^^       ^  cosec.'/?  -  V^ 

^  -  »i  =  (^2  -  ^i)  cosec.  fi  =  =  ^ ^ i. ; 

-  _  u^  cosec'  fi  -  V{^  ,-  ^- 

making  112  =  bu^ 

f=  Finft'cosec'^a  -  1)  h-  2(«2  -  «0  =  ^^^  (ft^cosec'a  - 1)  (11) 

J(  r  —  ri) 

(2)  Let  the  direct  flow  be  uniform  and  the  whirl  uniformly 
retarded  as  in  the  hydraulic  turbines  of  Yallet 

We  have,  for  the  path  in  space,  rd(p  =  cdt;  dr  =  edt ;  dv  = 

d,  — Vx :  rd0  =  vdt. 

r^  -  ri 

When  the  path  has  been  extended  from  rj  to  mr^  since  —  =  n, 


mr 


^•»  =  e-(;rrT)7./^'^^'-")7' 


r 
1 


e  (n  -  1) 
When  7n  —  7iy 


^— -T  (n  log^  w  -  m  +  1)     .    .    .     .    (12) 


^''  =  ^^l>j(''^'>een'-n  +  l)    ....     (13) 
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The  TalooB  of  Ai  locate  the  i>08itioD  of  the  terminal  of  the 
curve. 
For  the  path  en  the  whed  and  the  form  of  bucket, 

a>  =  —  =  ~ ;  dr  =  edt;  rdO  =  vdt ; 

nlip  =  ~'n»;  dy  z=:  d<p -^  dS ;  v  =  '^^-^Vi; 
rj  r,  —  Ti 

Wi      e  (n  —  1)  r^r    /  ^    ^ 


—  /*/<f!i  _     nri  ^  r    \  dr 


r 
1 


-:  ^  (^  -  1)  -  ^^^^2.  i)(«lQfr^  +  m  -  1)  .    .    (16) 


and  when  m^n^ 


n=y(w-l)-^^^^^j(nlog,n  +  n- 1)  .     .     (16) 

which  are  the  equations  of  the  line  of  the  backet-cnrve  and  of 
the  path  of  the  fluid  on  the  wheel.    Making  w^  =  o,  we  have 


m  —  "m* 


When  Wi  =  t;i,  as  in  uniform  direct  flow, 

^.=?("-v?T°-^) w 

Equations  may  be  similarly  derived  for  any  practicable  method 
of  flow.  It  will,  however,  be  sometimes  found  impracticable  to 
adopt  certain  forms  of  bucket  with  certain  proportions  of  wheel, 
and  only  careful  study  will  determine  the  best  arrangement. 

It  has  been  observed  that  the  conversion  of  the  energy  of  the 
steam  into  kinetic  energy  all  occurs  in  the  nozzle  in  the  case  of 
the  simple  turbine ;  and  it  has  been  seen  that  the  work  thus 
performed,  and  ultimately  seen  in  the  form  of  ma  viva^  is  pre- 

16 
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oisely  that  of  adiabstic  expansion  horn  the  same  initial  to  the 
same  terminal  pressure  behind  a  piston.  The  forms  of  the  carves 
of  velocity  and  pressare  have  been  given  by  Mr.  Hodgkinson 
for  a  well-designed  jet,  and  are  here  reproduced,  with  the  sketch 
of  the  nozzle  (Pig.  84) : 


^zn 

:||||||||||||||i 

"                              ^  .r 

■; ibssii-..,^ 

Via.  84,— PRKBBuitB  AND  Velocitt  CuRyBB. 


DISOCS8ION. 

Mr.  Harrington  Emerson. — The  reciprocating  steam  engine  has 
very  nearly  reached  its  limit  of  excellence  in  several  respects. 

L— ■Weights. 
The  lightest  practical  marine  reciprocating  engines  ever  bnilt 
are  the  triple-expansion  engines  of  the  torpedo-boat "  Dahlgren," 
which  weighed  42  pounds  per  indicated  horse-power  in  2,100 
horse-power  iioits.  This  machinery  was  enormonsly  expensive, 
made  of  special  material,  all  pins  drilled  to  lessen  weights,  etc., 
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etc.  The  speed  ftttained  by  the  '^Dahlgren,"  a  161-foot  boat,  was 
30.6  knots.  The  oonsumption  of  coal  was  not  small.  The  best 
record  for  boats  of  this  class  is  2.6  pounds  per  indicated  horse- 
power. 

These  ''Dahlgren''  weights  are  wholly  abnormal  A  tabulation 
of  weights  of  engine  and  boiler-room  equipment  of  nine  steamers 
showsy  in  the  mercantile  sendee,  weights  running  from  329 
pounds  to  510  pounds,  and  in  the  navy  165  to  194  pounds  -per  in- 
dicated horse-power.  The  machinery  of  a  large  recent  steamer 
of  3,400  indicated  horse-power  weighs,  steam  up,  356  pounds 
per  horse-power.  On  the  modem  ocean  liners  the  weight  of 
machinery  is  between  300  and  400  pounds  per  indicated  horse- 
power. In  an  ocean  liner  of  26,000  horse-power,  323  pounds  is 
the  weight  per  indicated  horse-power. 

The  **  Turbinia,"  100  feet  long,  driven  by  a  Parsons  steam  tur- 
bine, made  345  knots  in  an  hour's  run. 

The  marine  Parsons  steam  turbine,  including  the  boiler, 
shafting,  propellers,  and  all  other  appurtenances,  weighs  30 
pounds  per  indicated  horse-power  on  a  coal  consumption  of  less 
than  2  pounds. 

It  is  therefore  evident  that,  weight  for  power,  the  Parsons 
engine  surpasses  any  reciprocating  engine  ever  made,  weighing 
but  one-tenth  to  one-seventeenth  mercantile  practice,  and  about 
one-sixth  naval  practice. 

n. — ErnoiENOY. 

The  most  efficient  marine  engine  ever  used  is  the  quadruple- 
expansion  engine  of  the  steamship  ^^Inchmona,"  a  steamer  348 
feet  long,  which,  during  a  nine  months'  cruise,  consumed  only 
1.15  pounds  of  coal  per  indicated  horse-power,  probably  about 
10.5  pounds  steam  per  brake  horse-power. 

The  best  Atlantic  liners  burn  1.5  pounds  coal  per  indicated 
horse-power. 

It  is  impossible  to  make  accurate  comparison  between  a 
report  as  to  coal  used  and  one  as  to  steam  used,  as  the  former 
involves  the  boiler  efficiency,  but  direct  comparison  can  be  made 
between  the  record  of  the  Parsons  steam  turbine  and  the  very 
highest  records  of  triple  or  quadruple-expansion  stationary 
pumping  and  marine  engines. 

Up  to  1893  the  highest  economy  on  record  was  the  triple-ex- 
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pansion  Milwankee  pumping  engine,  574  hone-power,  10  pounds 
of  steam  per  indicated  horse-power.  The  hi^est  record  for  a 
compound  engine  is  that  of  the  Louisrille  pumping  engines, 
12.25  pounds  steam  per  indicated  horse-power.  The  data  of 
other  record-breaking  engines  are : 

ffn-.„  Poondf 

ZySz  ftcamper 

^^^'  I.  H.  K 

Best  locomotiTes 24 

WillaDs  compoimd 14. 7 

WorthingtoD  pampiDg  engine    200  14. 1 

WilUna  triple 18.02 

Salaer    «15  11.85 

Allia  pumping 574  11 .  68 

In  Marine  Compound  Enginei. 

"  Ville  de  Douvres  '  (paddle; 2,977  20.8 

*'Tu.sivama" 21.2 

"Colchester" 21.7 

Triple  Expanei&n  Marine. 

"Tartar" 19.8 

"Meteor" 1.994  15 

"lona" 645  18.85 

Parsons's  "  Turbinia  "  (100-foot  boat) 18.75 

One  of  the  most  economical  marine  engines  afloat 1,440  11 

Steamship  "Inchmona,"  quadra  pie 10.5 

Westingbouse-Parsons  steam  turbine,  equivalent  in- 
dicated 400  horse-power 10 

'^  Taking  the  most  favorable  results  which  can  be  regarded  as 
not  exceptional,  it  appears  that  in  test  trials  with  constant  and 
full  load  the  expenditure  of  coal  and  steam  is  about  as  follows  : 


Poands  Poonda 

per  per 

I.  H.  P.  Ef.  H.  P. 

Coal 1.50  1.75 

Steam 18.50  15.80  17  per  cent.  more. 


These  may  be  regarded  as  minimum  values  rarely  surpassed 
by  the  most  efficient  machinery,  only  reached  with  very  good 
machinery  in  the  favorable  conditions  of  a  test  trial."  (Kent, 
pp.  785  and  786.) 

Small  engines  are  notorious  fuel-consumers  and  steam-eaters. 

In  the  United  States  navy  the  steam  auxiliaries  use  an  aver- 
age of  119  pounds  steam  per  indicated  horse-power.  There  is 
no  hope  of  getting  them  below  80.  The  Parsons  steam  turbine 
in  the  little  ^'Turbinia"  used  13.75  pounds  of  steam  per  indicated 
horse-power,  almost  equalling  the  best  marine  triple-expansion 
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engine  of  which  I  haye  a  definite  record,  that  of  the  steamship 
"lona,"  13.36. 

It  may  therefore  be  said  that  under  the  doubly  unfavorable 
conditions  of  torpedo-boat  limitations  and  of  being  the  first 
experimental  marine  engine  of  its  kind  ever  built,  the  Parsons 
steam  turbine  not  only  equalled  the  best  record  of  triple-expan- 
sion marine  engines,  but  also  broke  the  speed  record  for  any 
steamboat  of  any  size  or  description. 

The  American  Parsons, 

At  Pittsburg  I  examined  the  first  American-built  Parsons 
turbine.  It  was  direct-connected,  with  a  300  kilowatts  generator. 
It  gave  a  kilowatt  or  1.34  horse-power  on  the  switchboard  for 
an  uncorrected  steam  consumption  of  16.4  pounds.  In  efficiency 
horse-power  this  is  equal  to  12.24  pounds.  Allowing  a  dynamo 
efficiency  of  93  per  cent,  (which  is  very  high),  we  obtain  about 
11.38  pounds  of  steam  for  the  turbine  alone.  This  is  effective. 
An  allowance  of  16  per  cent,  less  can  properly  be  made  for  com- 
parative indicated  horse-power,  bringing  the  comparative  con- 
sumption down  to  10  pounds.  This  small  single  experimental 
turbine  therefore  beats  the  record  of  the  four  times  as  large 
quadruple-expansion  engines  of  the  ''  Inchmona." 

It  is  fairer,  however,  to  compare  the  turbo-generator  with  re- 
ciprocating  steam-engine  generating  sets. 

A  compound  Willans,  with  an  Edison-Hopkinson  dynamo,  on 
careful  test,  showed  a  steam  consumption  of  33.33  pounds  per 
kilowatt.  The  steam  generating  set  on  the  United  States  steam- 
ship "  Wisconsin  "  used  32  pounds  per  kilowatt  on  12-hour  test, 
both  about  double  the  consumption  of  the  first  American  built 
Parsons  turbine. 

"  The  remarkable  economy  of  the  turbine  is  due  to  two  main 
causes: 

<<  Whereas  in  reciprocating  steam  engines  the  ratio  of  expan- 
sion is  between  9  and  16-fold,  in  the  turbine  it  is  between  100 
and  200-fold. 

"  Whereas  in  the  reciprocating  engine  there  are  innumerable 
tight-fitting  joints  causing  internal  friction,  in  the  turbine  the 
internal  friction  is  almost  eliminated." 

Leaving  out  boiler-room  weights  and  considering  only  engine 
weights,  the  Parsons  turbine  weighs  but  one-tenth  as  much  as 
naval  engines,   one-twentieth   as  much   as   mercantile   marine 
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engines,  and  shows  a  fuel  eeonomj  of  90  to  25  per  cent,  toot  Uie 

same  power. 

7Xe  ParwM  THrbine  a»  a  Marimt  Engine, 

The  drawbacks  to  the  Parsons  turbine  for  marine  use  are 
many.  Its  speed  of  revolntion  is  Terj  hig|i — at  Pittsburg,  3,600 
reTolntions  per  minnte.  At  lower  speeds  it  is  not  efficienL 
This  high  speed,  admirably  adapted  to  dynamos,  requires  special 
designs  of  propellers.  To  put  the  matter  briefly,  instead  of  one 
or  two  lai^e  propellers.  9  to  16  small  ones  are  used ;  instead 
of  one  or  two  turbines,  there  are  8  or  12  nsed.  It  is  im- 
possible to  reyerse,  except  in  a  separate  reyersing  tnrbine ;  it  is 
yery  wasteful  to  run  at  any  speed  except  at  the  highest  Jnst 
as  the  tremendous  energy  of  powder  will  driye  a  small  projectile 
at  high  speed,  but  not  driye  a  big  ship  at  all,  so  the  Parsons 
tnrbine  will  driye  a  little  boat  yery  fast,  bnt  will  not  driye  a  big 
yessel  slowly.  The  engine  yelocities  are  too  high.  Therefore 
the  ''  Tnrbinia  "  runs  40  miles  an  hour— not  because  it  is  desira- 
ble, but  because  it  must — and  the  little  100-foot  boat  is  burdened 
with  2,100  horse-power  engines. 

TTie  Parsons  Adapted  to  Electric  Boats, 

The  Parsons  turbine  is  particularly  well  suited  for  electric 
generation.  Here  high  speeds  are  yaluable,  lessening  the 
weight  of  dynamos. 

This  suggests  the  use  of  the  Parsons  for  the  generation  of 
electricity  to  be  used  in  driying  a  motor. 

If  we  should  take  the  Pittsburg  Parsons  turbo-generator 
and  put  it  in  a  ship,  we  could  install  it  in  a  250-foot  yessel  of  800 
tons  displacement.  We  should  ask  the  nayal  engineer  to  design 
one  or  two  propellers  to  driye  such  a  ship  at  a  10-knot  rate.  The 
required  propeller  reyolutions  being  known,  we  should  ask  the 
electrical  engineer  to  design  a  motor  of  maximum  efficiency  for 
that  speed.  We  should  trim  the  ship  with  a  storage  battery. 
Good  generous  weights  would  be  : 

Steam  turbine,  per  indicated  borse-power 15  poands. 

Boiler  room         '*  '*  80 

(Jenerator  "  **  40        ** 

Motor  '*  **  60 

Accumulator       ««  «'  200 
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The  aooanmlaitor  10  a  variable  quantity.  All  the  other  ma- 
chinery weighs  less  than  naval  practice.  With  accamnlator,  the 
weighte  are  below  those  of  mercantile  practice.  With  engine 
running,  the  aoonmolator  equalizes  output  and  consumption,  as 
in  trolley  and  light  instaUations,  M  marine  engines  run  stead- 
ily, fluctuations^  or  peak  roads,  are  not  excessive,  and  therefore 
a  large  aooumulator  is  not  necessary.  Also,  a  comparatively 
small  redaction  in  speed  reduces  greatly  the  power  required  for 
propulsion.  If  the  normal  speed  of  a  large  boat,  250  feet,  is  10 
knots  an  hour,  one-half  the  power  will  drive  it  at  8  knots,  one- 
quarter  at  6  knots,  and  one-fifteenth  at  4  knots.  This  latter 
speed  is  quite  sufficient  to  move  around  a  harbor — to  and  from 
a  dock,  or  to  maintain  headway— with  engines  not  running. 

A  battery  to  drive  the  steamer  5  hours  would  weigh  about  60 
pounds  per  horse-power  of  the  engine.  A  battery  of  240  pounds 
would  drive  the  boat  5  hours  at  6  knots,  18  hours  at  4  knots — 
make  it  answer  the  helm  for  several  days  if  the  machinery  were 
disabled. 

The  turbine  required  would  use  but  little  over  a  pound  of 
coal  per  indicated  horse-power,  or  12.24  pounds  water  per  brake 
horse-power  on  switchboard.  This  is  about  1.26  pounds  of  coal 
per  indicated  horse-power.  In  passing  the  current  through  the 
motor  there  may  be  a  loss  of  10  per  cent,  which  will  increase 
coal  consumption  to  1.4  pounds. 

The  average  of  twenty-eight  crack  steamers  of  the  highest 
class  is  1.52  pounds  of  coaL 

But  a  fraction  of  the  current  passes  through  the  accumulator. 
It  is  therefore  possible  to  use  the  combination  of  steam  turbine 
and  electricity  as  economically  as  with  best  reciprocating 
engines. 

Where  isj  then,  the  Advantage? 

In  the  marine  engine  I  have  considered  only  the  main  engine. 
On  every  big  ship  there  are  a  number  of  auxiliaries.  There  are 
steam  pumps,  steam  fans,  steam  steering-gear,  steam  winches, 
steam  electric  plants.  On  some  of  the  large  cruisers  these 
auxiliaries  consume  40  per  cent  of  the  coal.  One  of  the  most 
economical  vessels  afloat,  6,800  tons  dead  weight  capacity,  with 
19  tons  of  coal  runs  9  knots.  In  one  of  the  United  States  battle- 
ships the  auxiliaries  alone  used  17  tons  daily.  It  has  been 
found  possible  to  drive  a  cruiser  6  knots  an  hour  by  using 
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merely  the  exhaust  steam  from  the  auxiliaries.  Each  little 
engine  may  be  fully  as  much  trouble  as  the  main  engine,  and 
on  many  steamers  a  special  engineer  is  employed  to  look  after 
them.  They  are  always  breaking  down.  These  little  engines 
consume  from  80  to  300  pounds  of  steam  per  indicated  horse- 
power. Even  now  they  are  being  replaced  by  a  number  of 
electric  sets,  by  which  it  is  hoped  to  reduce  steam  consumption 
to  40  pounds.  With  an  accumulator  the  steam  used  should  not 
exceed  20  pounds.  All  these  steam  auxiliaries  fall  away  in  the 
turbo-electric  combination. 

All  the  auxiliaries  are  run  from  the  storage  battery.  While 
lying  at  dock  there  is  no  need  to  keep  up  steam.  The  vessel 
can  be  instantly  lighted,  anchor  weighed,  a  change  of  berth 
made,  without  calling  on  boiler  room.  Whereas  the  actual  coal 
consumption  in  the  navy  reaches  2^  pounds,  it  ought  not  to 
exceed  If  pounds  in  the  combination  boai 

Simplicity. 

A  second  great  gain  is  in  simplicity.  The  turbine  is  the 
simplest  of  engines,  little  more  than  one  revolving  part.  Even 
the  governing  arrangement  is  simplicity  itself.  For  no  load  a 
short  puff  of  steam  is  admitted,  followed  by  a  pause.  As  load 
increases,  puffs  lengthen,  pauses  shorten,  until  at  full  load  the 
admission  of  steam  is  continuous.  The  losses  between  indicated 
and  effective  horse-power  are  very  much  diminished.  There 
are  fewer  bearings  to  oil,  fewer  repairs,  fewer  opportunities  of 
damaging  machinery.  This  lessens  the  wage  charge,  and  on  a 
steamer  of  the  size  considered,  wages  equal  coal  bill.  Owing 
to  the  smaller  amount  of  coal  used  there  are  fewer  firemen, 
stokers,  and  coal  passers.  In  the  engine  room  oilers  and  wipers 
are  dispensed  with,  as  there  is  nothing  to  oil  or  wipe.  An  elec- 
trician takes  the  place  of  one  of  the  assistant  engineers. 

Bepairs  of  turbo-generators,  seldom  necessary,  are  remarkably 
low  in  cost,  as  has  been  demonstrated  by  the  actual  behavior  of 
steam  turbines  in  use  for  ten  years.  The  durability  is  also 
great,  there  being  one  instance  of  a  turbine  driving  a  fan  hav- 
ing run  continuously  day  and  night  for  three  years. 

There  is  absolute  gain  in  weight. 

There  is  gain  in  space.  The  turbine  lies  low  along  the  keel. 
The  batteries  also  lie  along  the  keel  and  help  trim  the  ship. 
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The.  saving  in  boiler  room  is  counted  at  20  per  cent,  by  Mr. 
Parsons. 

Mr.  Parsons's  own  summing  up  of  the  advantages,  even  with 
his  multiple  propeller,  multiple  turbines,  and  shafting  are  : 

Less  space. 

Weighs  one-hall 

No  vibration. 

Fewer  employees. 

Less  oil  and  stores. 

Small  head-room. 

No  noise. 

The  combination  proposed  would  cost  more  than  the  usual 
fair-to^ood  marine  engines,  but  it  would  not  cost  as  much  as 
the  special  freak  engines  of  torpedo-boat  practice. 

Mr.  Westinghouse  has  acquired  the  right  to  the  Parsons  for 
land  purposes  only.  This  was  definitely  explained  to  me  at 
Pittsburg,  and  confirmed  to  me  by  a  letter  from  Mr.  Parsons  in 
England,  who  has  reserved  the  rights  to  use  his  turbine  for  the 
direct  jffropuUion  of  boats. 

The  facts  in  this  report  have  been  gathered  from  a  corres- 
pondence of  several  months  with  Mr.  Parsons,  who  has  sent  me 
a  number  of  documents ;  from  personal  interviews  at  Pittsburg 
with  the  designers  of  the  American  Parsons  turbine,  with  whom 
I  had  a  full  discussion  of  its  capabilities ;  also  from  discussion 
and  consultations  with  four  or  five  of  the  Westinghouse  expert 
electricians  as  to  a  turbo-electric  installation;  also  with  the 
experts  of  the  Storage  Battery  Company  at  Philadelphia,  as  to 
the  possibility  of  combining  a  generating  set,  a  motor,  and  a 
storage  battery  in  a  boat  of  large  or  small  size. 

Mr.  Charles  E.  Sargent — One  advantage  which  the  turbine 
has  over  the  reciprocating  engine  which  I  believe  has  not  been 
mentioned  in  summing  up  these  advantages  is — on  account  of 
the  ability  to  run  the  former  without  admitting  oil  with  the 
steam  (as  there  is  no  rubbing  contact) — not  only  a  saving  in  oil, 
but  the  redistillation  of  the  condensed  steam,  when  the  same 
is  used  for  making  ice  in  refrigeration  plants  using  the  ordinary 
reciprocating  engine,  is  obtiated. 

I  think  the  disadvantages  of  our  present  steam  turbines  will 
vanish  as  inventors  begin  to  realize  the  importance  and  desira- 
bility of  supplanting  the  modern  comparatively  slow-going  re- 
ciprocating steam  engine  with  the  ideal  steam  motor. 
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Mr.  William  KenL — I  would  like  to  ask  Dr.  Thurston  if  he 
can  inform  ns  what  is  the  source  of  the  loss  in  the  turbine  by 
reason  of  which,  while  the  turbine  is  the  engine  of  maximum 
thermal  efficiency,  jet  it  has  higher  steam  consumption  than 
the  ^reciprocating  engine.  In  the  table  on  page  215  I  find  for  the 
de  Laval  turbine  the  lowest  figure  at  200  horse-power  is  about 
16 j^  pounds  of  steam  per  horse-power  per  hour.  As  for  effectiye 
horse-power,  I  suppose  that  about  equivalent  to  14  pounds  of 
steam  per  indicated  horse-power  per  hour.  On  another  page, 
the  lowest  figure  for  the  Westinghouse  engine  is  16.4  per  elec- 
tric horse-power,  which,  would  be  between  14  and  15  pounds  per 
indicated  horse-power.  What  is  the  reason  that  the  turbine 
under  its  best  efforts  shows  such  a  consumption  of  steam  as 
against  from  11  to  12  pounds  shown  in  the  triple-expansion 
engine  ? 

Mr,  Engel. — I  should  like  to  ask  Professor  Thurston,  as  he 
has  given  us  all  the  information  on  the  subject,  to  explain  to  us 
the  means  which  have  been  adopted  to  reverse  this  engine  for 
marine  purposes.  Of  course  in  marine  practice  it  is  necessary 
that  the  boat  should  back  with  about  the  same  power  that  she 
can  go  ahead,  in  case  a  collision  is  liable  to  occur.  I  understand 
that  this  turbine  will  not  reverse,  and  that  it  has  been  neces- 
sary to  put  in  a  special  engine  to  do  the  backing.  Of  course 
this  engine  which  is  put  in  to  do  the  backing  is  smaller  than  the 
engine  which  drives  the  boat  ahead.  Consequently  if  a  collision 
is  imminent,  it  is  not  possible  to  stop  the  vessel,  except  in  a 
very  long  distance,  perhaps  too  late  to  avoid  the  danger.  I 
would  like  Professor  Thurston  to  enlighten  us  on  that  subject, 
if  he  will. 

Mr,  Reginald  PeVumn  Boltoii. — It  is  perfectly  evident  from  the 
diagram  issued  with  this  paper  (Fig.  71),  that  the  economy  has 
suffered  very  considerably  from  variation  in  load,  as  well  as  in 
speed.  It  would  almost  appear  that  the  application  to  marine 
practice  was  about  the  most  undesirable  form  in  which  the 
engine  could  be  utilized.  It  appears  to  me,  and  no  doubt  to 
many  others,  that  the  proper  application  of  this  engine  on  board 
ship  would  be  to  drive  a  generator  at  a  constant  speed,  the 
screw  shafts  being  operated  by  motors,  which  would  be  prac- 
tically uniform  in  their  economy  at  varying  speeds,  and  perfectly 
capable  of  reversal.  That  has  so  far  not  been  done,  although 
it  has  been  talked  about,  and  although  it  seems  a  kind  of  foolish 
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idaft  first  to  generate  onxrent  and  then  to  distribute  it,  when  the 
distanoe  between  generator  and  motor  is  so  smalls  there  are  rea- 
sons, whieb  I  think  are  apparent  on  the  face,  why  that  may  be 
the  oombination  which  will  probably  lead  np  to  practical  results 
in  the  fatnze.  In  any  case  it  would  get  oyer  the  difficulties 
which  the  preyiofOB  speaker  has  referred  to  in  regard  to  revers- 
ing serewSy  which,  at  the  present  moment,  is  the  greatest  diffi- 
culty in  the  appUoation  of  the  turbine  to  marine  practice,  not 
to  speak  of  the  other  difficulty  of  subdiyiding  the  screw  into  so 
many  blades,  and  driving  them  at  so  very  high  a  rate  of  speed 
as  to  cause  a  cavity  in  the  water,  which  difficulty  is  referred  to 
in  the  paper. 

Jfi*.  John  Piatt. — ^I  would  like  to  say,  in  reply  to  Mr.  Bolton, 
with  r^;ard  to  marine  work,  that  with  very  high  speeds  the 
question  of  weight  comes  into  play  to  such  a  very  considerable 
extent  that  to  drive  electrically  with  a  turbine  and  then  trans- 
mit to  the  screw  would  bring  in  such  a  very  great  excess  of 
weight  as  to  make  it  impracticable.  What  he  says  may  be  true, 
but  the  fact  still  remains  that  the  Parsons  tiurbine  has  only 
been  fitted  to  three  boats,  and  in  those  three  the  inventor  has 
been  able  to  obtain  a  speed  with  a  legitimate  navy  boat — a  de- 
stroyer— of  36  or  37  knots,  very  much  in  excess  of  anything  that 
has  been  done  with  a  reciprocating  engine.  A  destroyer  of 
about  the  same  displacement  has  been  made  to  run  at  32^  knots 
for  three  hours  with  a  reciprocating  engine.  It  has  taken  20 
or  80  years  to  work  up  their  speed  with  the  standard  marine 
engine,  and  with  the  turbine  I  think  they  have  been  about  5 
years  developing  the  boat,  and  have  been  able  really  to  get, 
under  regular  navy  trials  in  England,  36  knots.  I  think  this  is 
really  a  very  remarkable  performance. 

For  electric  light  work  and  constant  driving.  Dr.  Thurston 
points  out  that  the  turbine  is  a  very  simple  machine.  This  be- 
ing the  case,  it  is  very  much  of  a  surprise  to  me  that  so  little  has 
been  done  with  it  in  the  last  12  or  14  years.  In  1888  I  was  in 
Watson's  Works,  in  England,  and  Mr.  Parsons  was  showing  me 
the  turbine  running  there.  Tbey  have  been  working  at  it  since, 
but  it  does  not  seem  to  me  that  they  have  done  as  much  work 
in  the  electrical  branch  as  one  would  have  expected. 

Mr.  George  J.  Rochwood. — ^I  have  followed  the  development  of 
the  Parsons  turbine  with  great  interest,  and  I  cannot  help  be- 
lieving that  little  but  conservatism  and  commercialism — ^vested 
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interests,  that  is — stand  in  the  way  of  its  adoption  in  steam- 
ships, whether  for  naval  or  for  merchant  service.  I  understand 
that  at  present  the  price  of  the  steam  turbine  in  this  country  is 
almost  prohibitive  of  its  adoption  in  place  of  reciprocating  en- 
gines. Whether  that  has  got  to  be  so  to  the  end  of  time  is 
another  question ;  but  at  present  the  builders  ask  a  very  high 
price  for  it  per  unit  of  power.  That  is  one  thing  which  stands  in 
the  way  of  adopting  it.  I  understand  also  that  there  is  some 
practical  difficulty  in  the  way  of  close-speed  regulation.  This, 
however,  does  not  affect  its  usefulness  in  marine  plants. 

Dr.  Thurston  emphasizes  in  the  paper  that  all  turbines  are 
necessarily  uneconomical,  except  at  one  particular  point  in  the 
gate  opening,  and  he  urges  this  feature  of  the  steam  turbine  as 
one  calculated  to  hinder  its  adoption  in  ships  in  the  place  of 
the  reciprocating  engine.  As  for  the  water  turbine,  it  is  to-day 
more  economical  over  a  wide  range  of  load,  as  compared  with 
the  point  of  best  economy,  than  the  reciprocating  steam  engine  is. 
I  understand  that  the  inventor  of  the  steam  turbine — ^the  Hon. 
Charles  Parsons — claims  that  the  same  thing  is  true  of  the  steam 
turbine ;  that  the  steam  turbine  is  not  such  a  great  waster  of 
steam  at  light  loads. 

J/r.  Emerson. — Not  at  light  loads,  but  at  variation  of  speed. 
You  must  run  at  constant  speed,  but  you  can  vary  your  load  as 
much  as  you  see  fit. 

Mr,  Wlieder. — That  applies  to  steam  engines  as  well. 

Mr,  Emerson, — In  the  marine  turbine  there  is  the  particular 
difficulty  that  you  cannot  run  slow.  This  "  Turbinia "  has  to 
run  at  30  miles  an  hour,  because  it  cannot  run  slower. 

Mr.  Rockwood. — That  was,  I  believe,  the  very  proposition  that 
Mr.  Parsons  denied.  If  I  remember  correctly,  it  was  stated 
editorially  in  The  Engineer^  and  denied  almost  seriatim  by  Mr. 
Parsons.  I  know  nothing  about  it  myself.  I  only  have  the  in- 
ventor's word  for  it.  But  the  turbine  is  a  very  small  machine, 
compared  with  the  engines  of  equal  power  of  a  battleship,  and 
I  am  willing  to  believe  that  Mr.  Parsons  is  right  in  claiming 
that  a  ship  may  have  a  sufficient  number  of  propellers  and  tur- 
bines, and  may  have  these  so  disposed,  as  to  actually  give  a 
better  average  economy  than  if  provided  with  reciprocating 
engines.  And  how  can  a  man  choose  the  latter  for  a  torpedo 
boat  if  he  can  get  a  turbine  ? 

A  Member, — Tou  can't  get  a  turbine. 
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Mr.  Badcwood. — Then  that  point  onght  to  be  brought  out  and 
not  the  ecoDoniioal  difficulty  about  the  turbine. 

The  MmrJbtr. — ^We  haye  been  trying  for  two  years  to  get  one. 

Jfn  AxtibtooocL — ^I  belieye  that  is  the  real  difficulty  about  the 
use  of  the  torbiiie  in  ships.  They  are  superior  to  the  ordinary 
leeipioeating  engine  for  high  speeds. 

Mr.  Af^nw  HermAmofML — ^To  my  mind  one  of  the  greatest 
difficuUiies  in  the  way  of  the  uniyersal  application  of  the  steam 
turbine  is  really  the  gearing.  In  the  ayerage  case  it  would  be 
necessary  to  gear  it  down  once  or  twice.  Qranted,  in  other 
words,  that  the  turbine  would  be  superior  to  the  reciprocating 
or  high-speed  engine,  that  superiority  would  be  counterbalanced 
by  the  waste  in  friction  on  account  of  one  or  two  gears.  I  do 
not  think  it  is  out  of  the  way  if  I  mention  that  a  friend  of  mine. 
Engineer  Lenz  (who  became  quite  prominent  in  the  Paris  Ex- 
position for  a  thousand  horse-power  drop-yalye  engine  which 
got  a  gold  medal),  and  myself  designed  some  years  ago  a  kind 
of  clutch  or  speed-gearing  device,  which  was  then  considered 
rather  promising,  and  which  Messrs.  Greenwood  &  Batley,  of 
Leeds,  England,  commenced  to  manufacture.  Although  it  is 
now  more  than  three  years  ago  they  do  not  seem  to  haye  done 
much  with  it.  The  idea  was  to  introduce  a  clutch  which  can  be 
coupled  up  to  one  side  of  the  motor  and  transmit  power  to  the 
other  side,  regardless  of  the  speed  of  the  motor.  While,  there- 
fore, one  side  of  the  clutch  could  be  run  at  any  speed,  the  other 
side  could  be  run  from  zero  to  maximum  just  at  the  will  of  the 
operator.  The  clutch  consisted  of  a  large  casing  which  was 
filled  with  heayy  oil,  and  this  casing  was  attached  to  the  engine 
or  turbine  or  any  motor  that  was  intended  to  be  run  at  constant ' 
speed.  Within  this  casing  we  had  propeller  blades  or  knife 
edges,  so^id  with  the  "  driven  "  shaft.  Of  course,  it  is  easy  to 
imagine  that  if  these  blades  were  twisted  (which  was  done  at 
the  will  of  the  operator)  so  that  they  would  cut  through  the 
liquid  the  clutch  would  not  transmit  power.  Once  they  were 
twisted  so  as  to  present  resistance,  they  would  impart  friction 
and  force  the  liquid  through  pockets  cast  in  the  driyen  side  of 
the  clutch,  and  accordingly,  while  it  was  possible  to  run  the 
motor  on  one  side  at  constant  speed,  we  were  able  to  change  the 
speed  on  the  other  side  from  zero  to  maximum.  Messrs.  Green- 
wood &  Batley  had  then  made  a  couple  of  these  clutches,  and 
they  considered  them  promising.  One,  I  think,  was  for  50  horse- 
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power.  I  suppose  it  will  be  clear  how  this  clutch  operated  We 
looked  up  all  the  records  at  that  time,  and  found  that  in  marine 
work  a  similar  principle,  some  20  or  30  years  a^o,  had  been 
utilized,  though  not  for  the  same  purpose  ;  to  check  the  racing 
of  the  engines  when  the  screw  rises  out  of  the  water.  It  was  a 
marine  governor.  Our  plan  was  to  dispense  with  gears  and  yet 
to  be  able  to  run  one  side  of  the  clutch  at  a  constant  speed  and 
to  operate  the  other  side  at  variable  speed.  We  were  actually 
able  to  do  this  in  the  small  sizes,  and  the  device  promised  to  be- 
come a  success ;  but  it  can  readily  be  imagined  that  in  large 
sizes  the  waste  of  friction  would  become  very  great,  and  the 
chief  difficulty  was  that  at  high  speed  the  oil  would  be  so  heated 
that  it  became  too  fluid  to  cause  any  frictional  resistance  on  the 
blades  and  pockets.  In  fact,  the  blades  would  then  simply  cut 
through  the  oil,  without  moving  it. 

The  speaker  thinks  that  if  this  device  were  successfully  de- 
veloped it  would  prove  very  valuable  in  connection  with  the 
driving  of  cutting  tools,  inasmuch  as  certain  high-speed  motors 
of  small  sizes,  electric  or  others,  could  be  more  conveniently 
used  for  the  purpose. 

Mr,  Henry  I.  SnelL — Beferring  to  that  part  of  this  discussion 
in  which  reference  has  been  made  to  the  cost  of  manufacturing 
these  reaction  or  turbine  engines,  I  recall  a  conversation  I  had 
some  years  ago  with  Mr.  William  Baxter,  the  designer  of  what 
is  known  as  the  Baxter  engine. 

I  asked  him  why  he  did  not  apply  his  great  inventive  talents 
and  mechanical  abilities  in  producing  a  successful  and  prac- 
tical rotary  engine  which  would  fill  "  a  long  felt  want,"  some- 
thing which  would  give  a  high  rotary  speed,  as  such  a  machine 
was  a  desirability  in  many  instances,  and  the  field  was  ripe 
for  it. 

This  was  before  the  day  of  electric  motors.  He  replied  very 
promptly  and  decisively  that  the  problem  was  one  of  very 
simple  solution;  all  you  had  to  do  was  to  take  two  circular 
plates,  similar  to  circular  saws,  cut  semi-circular  grooves  spirally 
radiating  from  the  centre  to  the  periphery,  fasten  these  plates 
together  so  the  grooves  of  one  would  cover  the  grooves  of  the 
other,  thus  making  a  circular  hole  from  the  centre  to  circum- 
ference of  a  nicely  balanced  plate,  then  place  this  united  plate, 
securely  fastened  upon  a  hollow  shaft  or  arbor,  supply  the  jour- 
nal boxes   and  the  necessary  stuffing-box  attachment  to  the 
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steam  pipe  from  a  boiler,  and  let  the  steam  pass  through  the 
shaft  and  out  at  the  periphery  of  the  circular  plate. 

If  you  make  the  curves  through  the  plates  of  the  proper  form, 
probably  an  arithmetical  spiral,  so  the  escape  of  the  steam  from 
the  plate  will  not  be  at  a  velocity  much  greater  than  the  velocity 
of  the  periphery  of  the  wheel,  you  will  have  absorbed  all  or 
nearly  all  the  energy  in  the  steam  which  has  been  transformed 
into  work,  and  as  very  Uttle  of  this  energy  will  be  required  in 
the  friction  of  the  engine  itself,  you  have  an  economical  and 
durable  rotary  engine  at  small  first  cost. 

Mr,  Piatt — The  last  speaker  but  one  was  evidently  referring 
simply  to  turbines  for  stationary  work,  and  not  to  marine  turbines, 
in  the  remarks  that  he  just  made.  I  believe  I  am  correct  in  that 
statement.  I  refer  to  what  he  says  in  regard  to  the  Westinghouse 
Company. 

Mr.  Emerson. — ^Tes,  that  was  stationary  work,  of  course.  They 
were  not  marine  turbines.  They  have  nothing  to  do  with  the 
marine  end  of  it. 

Mr.  Piatt. — ^Mr.  Rockwood  referred  to  the  question  of  30 
knots,  and  of  it's  being  necessary  to  run  at  that  speed  to  attain 
any  degree  of  economy.  As  a  matter  of  fact  the  practice  is,  and 
will  be,  to  use  three  shafts ;  then  you  can  use  either  one,  two,  or 
three  at  full  power,  and  get  full  economy  out  of  practically  all 
three  combinations. 

Mr.  Wheder. — How  about  the  reversal?  I  have  forgotten  the 
record.    I  refer  to  the  torpedo-boat  destroyers. 

Mr.  Piatt. — They  do  not  give  any  information  on  the  subject. 

Mr.  Wheeler. — I  thought  perhaps  you  might. 

Mr.  Piatt.— T^o. 

Dr.  Thurston. — Regarding  the  first  question  by  Mr.  Kent,  re- 
specting discrepancy  between  the  ideal,  computed  economical  per- 
formance of  such  an  engine,  and  the  real  performance : — I  suppose 
the  discrepancy  arises  from  the  class  of  defects  which  are  ob- 
served in  the  ordinary  form  of  engine — defects  in  design,  defects 
in  construction,  and  defects  in  operation.  There  are  certain 
principles  that  must  be  adhered  to  if  the  design  is  to  be  cor- 
rectly made.  That  design  must  be  perfectly  carried  out  in 
construction,  or  the  results  anticipated  cannot  be  secured  ;  this 
means  corresponding  perfection  of  methods  of  construction  and 
of  workmanship.  Finally,  the  machine,  if  properly  designed  and 
properly  constructed,  must  be  worked  in  a  proper  manner.     I 
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presume  if  we  could  get  afc  this  engine  to  analyze  it,  we  would 
find  that  while  the  total  amount  of  waste  is  practically  the  same 
in  this  and  the  older  class  of  engine,  it  occurs  in  somewhat  differ- 
ent ways,  though  from  the  same  general  class  of  causes.  I 
imagine  in  the  steam  turbine  we  will  find,  for  example,  that  leak- 
age and  the  friction  of  liquids,  where  the  steam  is  wet,  take  the 
place  in  waste  of  that  large  percentage  of  loss  of  effect  observed 
in  the  other  forms  of  engine,  as  waste  due  to  cylinder  condensa- 
tion. But  there  may  here  be  defects  in  the  form  of  the  nozzle, 
defect  in  failure  to  secure  complete  conversion  of  available  energy 
into  kinetic  energy,  actual  vis  viva,  of  the  flowing  steam.  There 
may  be  defects  in  design  and,  later,  in  construction,  in  the  forms 
of  the  passages  and  in  methods  of  construction  of  passages,  in 
forms,  proportions,  and  paths  for  the  jet,  because  of  which  the 
amount  of  energy  so  obtainable  is  not  fully  converted  from  the 
one  form  into  the  other.  There  will  always  be  leakage  where 
there  is  a  pressure  on  the  one  side  of  the  turbine  and  lesser 
pressure  on  the  other.  I  presume  these  various  defects  will 
gradually  become  identified,  their  quantities  will  be  measured, 
and  the  engineer  will  then  give  his  attention  to  the  correction 
of  them,  in  the  order  of  their  importance,  precisely  as  has  been 
done  during  the  history  of  the  ordinary  steam  engine  during 
this  century.  I  have  no  doubt  that  when  the  steam  turbine  has 
had  as  long  a  period  of  development  and  evolution  as  has  bad 
the  common  engine  of  to-day,  it  will  have  acquired  quite  as  high 
perfection  as  has  the  engine  of  to-day. 

Regarding  reversal: — As  the  turbine  is  now  usually  con- 
structed, reversals  cannot  occur  in  the  turbine  itself.  It  either 
must  be  connected  with  a  reversing  mechanism,  like  a  reversing 
clutch,  or  it  must  be  thrown  out  of  use  and  the  reversal  effected 
by  another  turbine,  as  has  been  actually  done  by  Mr.  Parsons. 
I  see  no  difficulty,  however,  in  making  a  turbine  which  can  be 
reversed  as  promptly  and  effectively  as  a  locomotive  engine,  or 
more  so,  and  I  have  no  doubt  that  the  ingenuity  of  our  inventors 
will  find  a  way  of  accomplishing  this.  There  have  now  been 
about  250  patents  issued  from  our  Patent  Office,  and,  as  time 
goes  on,  more  will  be  added.  Among  these  various  coming  in- 
ventions, some  will  be  directed  to  this  point,  I  have  no  doubt, 
and  we  may  reasonably  hope  to  see,  ere  long,  a  turbine  which, 
where  it  is  desired,  can  be  made  to  reverse  without  special 
difficulty  and  without  important  loss  of  efficiency. 
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Begarding  change  of  load  with  yarying  speed  :~It  is  true  of 
the  nonnal  hydranlio  turbine  that  it  must  have  a  fixed  normal 
speed,  and  the  loss  of  efficiency,  with  variation  from  that  speed, 
will  always  be  something  considerable.  It  is  possible  in  the 
design  of  a  hydraulic  turbine,  and  I  presume  of  these  steam 
turbines^  to  make  the  range  of  variation  of  efficiency  less  with  a 
given  variation  of  speed  by  a  proper  design ;  but  it  is  not  pos- 
sible to  entirely  evade  it,  nor  is  it,  I  think,  quite  correct  to  say 
that  the  hydraulic  turbine,  even  at  constant  speed,  can  be  made 
to  give  the  same  efficiency  with  varying  loads.  With  the  excep- 
tion of  one  form,  the  '^  partial  turbine,"  the  turbines  built  and 
used  throughout  the  United  States  will  always  be  found,  I 
imagine,  on  test,  to  show  variation  of  efficiency  with  varying 
loads,  from  full  gate  to  any  less  gate,  and  it  will  have  some  such 
form  as  that  [making  a  curve  upon  the  blackboard].  And  in  a 
few  cases,  as  with  a  turbine  built  at  Holyoke,  we  may  sometimes 
find  the  maximum  at  |  gate ;  but  that  means  that  the  turbine  is 
fitted  to  run  with  the  amount  of  water  flowing  designated  at  that 
point,  and  thus  does  its  best  work  at  that  point.  The  Hercules 
turbine  was  the  first,  I  think,  to  secure  anything  like  a  satisfac- 
tory curve.  But  in  the  very  best  turbines  I  have  ever  seen,  that 
one  included,  we  do  get  varying  efficiency  with  variation  of  load, 
and  with  variations  of  load  and  speed  which  characterize  the  con- 
ditions of  ordinary  work,  we  may  get  wide  variations  of  efficiency. 
Mr.  Parsons  has  been  said  to  have  denied  that  the  steam  turbine 
thus  behaves.  I  do  not  think  Mr.  Parsons  did  deny  precisely 
that ;  what  he  actually  said,  so  far  as  I  know — Mr.  Bockwood  may 
refer  to  something  else — was  in  a  letter  to  London  Engineering^ 
giving  a  set  of  data  showing  that,  with  varying  loads  in  electric 
light  plants^  he  was  able  to  get  a  variation  in  efficiency  which 
was  comparatively  small. 

But  that  is  a  case  in  which  we  have  a  constant  speed.  We  have 
no  proof  that,  with  varying  load  and  speed,  any  one  has  evaded 
this,  which  seems  to  me  to  be  an  inherent  law  of  turbine  action. 

Begarding  the  use  of  expedients  for  evading  this  difficulty,  as, 
for  example,  the  introduction  of  an  electric  generator  and  motor, 
I  think  that,  as  has  already  been  stated,  it  will  be  found  that 
when  it  is  considered  what  enormous  costs,  what  great  weights, 
are  involved  in  the  introduction  of  a  complete  set— generator 
and  motor,  and  auxiliary  mechanism  with  the  steam  turbine — 
it  will  be  seen  that  costs,  complications,  and  defective  effici- 
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encies  will  make  it  probably  preferable  to  use  the  commoii 
form  of  engine.  I  doubt  very  much,  assuming  the  practicability 
of  installing  such  a  plant  without  excess  of  weight  over  the 
common  type  of  steam  engine,  if  it  will  be  found  to  be  a  practi- 
cal improvement  to  substitute  that  scheme  for  the  ordinary 
construction  of  the  marine  engine.  A  paper  by  Professor 
Durand,  published  in  Marine  Engineering^  throws  some  light 
upon  the  subject.  He  there  studies  the  conditions  of  opera- 
tion of  the  torpedo  boat  of  the  class  of  the  "  Turbinia,"  and  shows 
that  in  order  to  substitute  either  for  the  reciprocating  engine 
or  the  steam  turbine,  as  there  constructed,  such  a  system  of 
electric  generation  and  utilization,  it  will  be  necessary  to  use 
several  other  boats  to  carry  the  machinery. 

Mr.  Emerson. — Was  not  that  with  reference  to  a  torpedo  boat 
with  storage  batteries  ? 

D7\  Thurston. — ^Tes,  it  was.  That  modified  the  question  to 
some  extent. 

Mr.  Emerson. — Professor  Durand  sent  me  that  paper,  and  I 
had  some  correspondence  with  him  on  the  subject. 

Dr.  Thurston. — Yes,  you  are  right.  The  system  includes 
storage  batteries. 

Eegarding  the  cost  of  building  referred  to  by  Professor  Car- 
penter:— There  is  no  question  but  that  it  is  a  comparatively 
expensive  machine  to  build  to-day.  I  see  no  reason,  however, 
as  another  speaker  has  also  remarked,  why  we  may  not  fairly 
expect,  once  the  machine  comes  into  general  use,  to  be  able  to 
build  it  with  all  the  accuracy  of  the  finest  machinery  of  to-day 
in  any  department,  and  yet  at  moderate  cost.  The  illustration 
of  the  bicycle  is  exactly  to  the  point.  I  see  no  reason  at  all 
why  this  extremely  fine  workmanship,  which  is  imperative  if 
we  are  not  to  have  serious  leakage,  may  not  be  obtained  by  a 
system  of  construction  that  shall  involve  the  building  to  exact 
gauge  largely  by  automatic  machinery  and  with  careful  in- 
spection, so  that  the  machine  when  completed  shall  become 
not  only  the  simplest  of  steam  engines,  but  possibly  the  most 
economical  of  steam  engines,  and  also  the  most  perfect  con- 
struction of  steam  engine  that  up  to  that  time  the  world  shall 
have  seen. 

Since  the  meeting  *  I  have  now  had  the  opportunity  to  read 

*  Author's  closure,  under  the  Rules. 
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idth  care  the  comments  of  Mr.  Emerson  on  the  turbine  for 
marine  work,  and  am  glad  to  see  so  much  new  information  and 
data  regarding  the  Parsons  machine.  The  contrast  between 
the  weights  of  the  older  and  the  newer  motors  is  very  striking, 
and  it  is  to  be  hoped  that  a  finally  standardized  practice,  bom 
of  experience  with  the  steam  turbine  in  its  various  forms,  will 
fully  sustain  the  advantage  which  it  now  apparently  exhibits  in 
this  respect. 

It  should  be  remembered  that  there  may  be  as  many  forms 
of  gas  and  vapor  as  of  the  hydraulic  turbines,  and  many  bright 
minds  are  already  working,  not  only  on  the  forms  suitable  for 
•every  desirable  application  of  the  steam  turbine,  but  also  in  the 
endeavor  to  secare  the  combined  advantages  of  gas  and  petro- 
leum or  other  vapor  as  working  fluid  with  those  of  this  revolu- 
tionary type  of  heat  engine.  One  of  the  most  recent  and 
interesting  investigations  made  at  Sibley  College  has  been  a 
study,  theoretical  and  experimental,  of  the  gas  turbine  actuated 
by  the  products  of  combustion  of  gas  or  of  petroleum  vapor. 
The  outcome  was  not  altogether  encouraging,  but  it  is  not 
yet  to  be  assumed  that  we  may  not  ultimately  discover  ways 
of  utilizing  these  working  fluids  as  well  in  the  turbine  as  in  the 
common  form  of  engine.  Again,  various  forms  of  turbine  will  be 
adapted,  no  doubt,  to  various  sorts  of  work,  as  has  already 
been  so  extensively  done,  particularly  in  Europe,  with  the 
hydraulic  machine,  and  I  see  no  reason  to  doubt  that  the 
"  partial "  turbine  and  other  forms  of  special  construction  of 
wheel,  the  new  and  satisfactory  systems  of  regulation  and 
of  reversal,  and,  in  fact,  any  now  missing,  yet  needed,  improve- 
ment, may  soon  be  brought  into  use. 

I  think  it  possible  that  some  of  the  figures  presented  here 
may  be  subject  to  revision.  The  Milwaukee  engine  gave,  on  our 
trials,  the  figure  11.68,  not  10  pounds  per  indicated  horse- 
power. We  need  more  data  regarding  the  best  work  attainable 
with  the  turbine,  corroboration  of  the  already  reported  minima, 
and  for  various  pressures,  giving  us  thus  the  law  of  variation 
of  efficiency  in  use  with  that  variation.  This  will  also  enable 
us  to  determine  the  extent  to  which  economy  is  gained  by,  and 
is  due  to,  the  thermodynamic  change  of  temperature  and  pres- 
sure. We  shall  all  be  glad  to  secure  evidence  that  the  minimum 
figures  reported  at  any  pressure  for  the  turbine  can  be  safely 
counted  upon  in  projected  constructions,  but  it  seems  quite  safe 
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to  say  that  the  two  types  of  motor  are  fairly  comparable  in  this 
respect,  where  of  equal  powers  and  of  equally  good  construction. 
For  marine  work,  and  especially  where,  as  in  torpedo-boat  con- 
struction, the  requirements  of  enormously  varying  speeds,  and 
of  powers  varying  in  vastly  greater  proportion  still,  are  impera- 
tive, I  think  that  a  special  form  of  turbine  will  ultimately  be 
adopted.  There  should  be  no  difficulty  in  securing  compliance 
with  all  essential  conditions. 

The  introduction  of  the  storage  battery  at  present,  with  its 
enormous  weights  and  costs,  can  hardly  be  looked  upon  with 
satisfaction,  even  for  short-route  service.  For  long  routes,  and 
even  for  the  torpedo  boat,  I  think,  it  is  not  likely  ever  to  prove 
a  satisfactory  system.  The  estimates  given  seem  to  me  opti- 
mistic. A  conservative  judgment  will,  I  think,  accord  quite  suffi- 
cient advantage  to  the  ancient  type  to  justify  its  introduction 
for  many  places  and  purposes.  With  its  economy  established, 
everything  else  demanded  will,  in  time,  be  secured.  The  way 
has  been  shown  long  since  by  our  designers  of  hydraulic  motors^ 
and,  in  this  particular  field,  by  European  builders. 

Since  the  meeting,  I  have  again  read  the  paper  of  Mr.  Hodg- 
kinson  on  the  work  of  the  Westinghouse  Company,  illustrating 
the  fact  that  an  imported  device  may  always  be  expected  to 
promptly  show  the  genius  of  the  Yankee  designer  in  its  adapta- 
tion to  its  new  habitat.  The  double-motion  governor,  its  neat 
devices  for  packing,  its  nicely  adjustable  speed  within  the  nar- 
row limits  needed  for  the  alternator,  and  many  other  interesting 
details  of  construction,  make  it  a  most  interesting  machine  from 
every  point  of  view. 

The  writer  of  that  paper  mentions  one  important  advantage  of 
the  turbine  to  which  I  have,  perhaps,  given  too  little  attention : 
The  limit  of  profitable  expansion  in  the  common  form  of  engine, 
whatever  its  construction,  is  found  at  a  pressure  exceeding  the 
back  pressure  by  an  amount  measuring  the  sum  of  that  pressure 
required  to  overcome  friction  of  engine,  that  which  limits  waste 
by  leakage  and  "  cylinder  condensation  "  to  an  allowable  quan- 
tity, and  that  which  limits  cost,  in  the  manner  often  pointed  out 
and  now  familiar  to  all.  This  terminal-pressure  limit  to  profit- 
table  expansion  is  reduced  in  the  turbine  by  minimized  friction, 
by  freedom  from  the  phenomenon  known  to  engineers  as  cylin- 
der condensation,  and  by  reduced  storage  of  capital.  The 
turbine  may  thus  profitably  expand  its  steam  far  beyond  the 
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Umit  set  for  the  reciprocating  engine,  and,  to  this  degree,  may 
more  closely  approximate  the  ideal.  The  Westinghouse  machine 
is  reported  to  give  unprecedented  economy  at  light  loads,  but,  of 
course,  only  at  a  constant  and  correct  speed.  There  seems  no 
doubt  at  all,  now,  that  14  to  16  pounds  of  slightly  superheated 
steam  per  electrical  horse-power  hour  may  be  fairly  expected 
with  large  turbines,  with  condensers,  if  a  good  vacuum  can  be 
maintained  without  sensible  excess  of  costs.  Thus  far,  the 
special  field  of  the  machine  seems  to  be  in  electrical  engineering, 
but  I  disagree  absolutely  with  the  many  voices  declaring  that 
the  machine  is  "  inherently  incapable  of  reversal "  or  speed  vari- 
ation.  With  the  coming  systems  of  reversal,  of  close  regulation, 
and  of  adaptation  to  varying  loads  and  speeds — the  former  of 
which  improvements  is,  I  think,  accomplished,  and  the  latter 
most  probable  in  the  near  future — there  seems  no  limit  to  its 
field  of  work.  The  larger  its  scale  of  construction,  also,  the 
nearer  does  its  practicable  construction,  even  now,  approximate 
satisfactory  conditions. 

The  best  work,  so  far  as  reported,  I  think,  from  European 
practice — although  this,  in  fact,  is  a  Parsons  construction,  set  up 
at  Eberfeld — is  detailed  in  the  Zeitschrift  des  Vereines  deufscher 
Ingenieure,  June  30,  July  7,  1900,  and  reproduced  in  the  Revue 
de  Mecaniqve,  November  30,  1900,  in  the  report  of  the  Messrs. 
Lindley,  Schroter,  and  Weber. 
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TESTS  OF  CENTRIFUGAL  PUMPS. 

BT  W.  B.  OllEOORT,  NEW  ORLEANS,  LA. 

(Janior  Member  of  the  Society.) 

A  DESCRIPTION  will  be  given  of  the  tests  of  two  centrifugal 
pumps. 

Besides  making  the  regular  efficiency  test,  an  attempt  was 
made  to  measure  the  loss  of  head  due  to  friction  within  the 
pump.  The  general  scheme  was  as  follows :  Suction  and  dis- 
charge were  tapped  near  the  pump  and  pet  cocks  inserted;  by 
means  of  mercurj'  manometers,  connected  by  rubber  tubes  to 
pet  cocks,  the  pressure,  positive  or  negative,  existing  at  those 
points,  could  be  definitely  known  at  any  time.  High  pressures 
can  be  read  by  means  of  carefully  calibrated  pressure-gauges. 

The  total  head  which  a  centrifugal  pump  will  produce  at  a 
given  speed  of  rotation  is  a  function  of  its  peripheral  velocity. 

Let  Vp  =  Peripheral  velocity, 

Ht  =  Total  head. 

Hj,  =  Velocity  head. 

Ify  =  Friction  head. 

Hjn  =  Static  head  shown  by  manometers. 

Then  

Vp=<P  V2g  Ih 

The  theoretical  velocity  corresponding  to  the  head  H^  is 
and 

In  case  the  discharge  valve  be  closed,  //<  will  be  static  pres- 
sure, and,  knowing  Vp  and  //„  cp  is  known. 
In  case  water  is  allowed  to  run  through  the  pump,  by  open- 

*  Presented  at  the  New  York  meeting  (December,  1900)  of  the  American 
Soriety  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the 
TranHactiom, 
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ing  tlis  discharge  valve  partially  or  fully,  a  part  of  the  head  pro- 
duced becomes  velocity  head  H,.,  and  as  soon  as  water  Hows  there 
\s  a  loss  of  head  due  to  friction  witbiu  the  pump.     In  this  case 


r„ 


g  {/J„  +  IJ,  +  i/,). 


If  the  diameter  of  the  impeller  and  revolutiona  per  minute  be 
known,  T,  can  he  known.  (/'  may  be  obtained  as  shown  above  ; 
and  if  the  quantity  of  water  be  measured,  and  readings  taken  at 
manometers  on  the  suction  and  discbarge  and  corrected  for  dif- 
ference  of  level,  the  only  unknown  in  the  above   equation  is 


fff=  JJ,  —  (//„,  +  //,);  '/'  will  vary  witii  difl'erent  forms  of  im- 
pellers or  shapes  of  blades. 
Let  V,  =  velocity  of  water  in  suction  and  discharge  at  points 

wbere  manometers  are  attached. 


ff.- 


TV 


and    //,  =  i3 


2.7' 

n  pii 


L  constant 


That  is,  the  loss  of  head  due  to  frictioi 
times  the  velocity  bead. 

The  efficiency  of  a  centrifugal  pump  will  vary  greatly  with 
tbe  way  in  wUicb  it  is  piped.  If  manometers  are  used  on  suc- 
tion and  discbarge  near  the  pump,  the  sum  of  their  readings  will 
he  the  static  bead  pumped  against,  plus  the  friction  head  of 
suction  and  discharge  pipes.  To  compare  two  pnmpa  of  the 
Bame  Biiw,  tbey  should  be  piped  exactly  alike,  or  they  might  bo 
given  credit  for  static  pressures  produced  in  suction  and  dis- 
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charge  near  pump,  whicli  would  be  eqaivaleui  to  elimiDating 
suction  and  discharge  losses  and  giving  efficiency  of  pump  only, 
instead  of  pump  and  piping,  which  will  vary  with  arrangement 
of  pipes.  This  is  merely  a  suggestion.  In  the  following  testa, 
efficiency  was  computed  on  the  quantity  of  water  pumped  and 
static  head  as  measured,  either  by  difference  of  level  or,  in  case 
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of  a  throttled  discharge,  by  a  mercury  manometer  at  the  valve 
near  where  water  was  discharged. 

In  the  case  of  small  pumps  with  low  velocities  of  water  passing 
through  them,  E,,  and  11  f  become  comparatively  small  guantitieB. 

The  first  pump  tested  was  rather  small,  having  a  2^-inch  suc- 
tion, and  discharge  bushed  to  2  inches ;  impeller,  5.14  inches  in 
diameter.  In  the  discharge  pipe  were  one  45-d6gree  and  six 
90-degree  elbows,  which  made  a  bad  showing  for  efficiency. 

The  pump  was  mounted  on  a  cradle  dynamometer.  There  is 
nothing  peculiar  in  the  construction  of  the  dynamometer,  except 
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tliat  the  flexible  joiuta  were  obtained  by  means  of  strips  of  thin 
sprint;;  steel  after  tbe  manner  of  tLe  Emerf  Testing  Machine. 

The  revolutions  per  minute  were  obtained  by  taking  the 
time  for  1,000  rerolations,  with  a  stop  vatch  reading  to  fifths 
of  seconds. 

The  motor  used  was  a  gas  engine  which  Teceived  an  im- 
pulse every  second  rBvolutiou ;  at  high  speeds  each  impalse 
couhl  be  noted  by  the  slight  oLange  of  readings  at  manometers. 
Care  was  taken  to  have  the  readings  as  nearly  the  average  as 
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possible ;  in  spite  of  this,  the  resntts  were  not  all  that  could  be 
wished  for.  The  water  was  measured  by  means  of  a  small  weir, 
its  constant  having  been  obtained  by  calibration.  Dififerent 
speeds  were  obtained  by  means  of  cone  pulleys  on  shafts  be- 
tween engine  and  pump. 

The  curve  f  Fig.  86)  is  plotted  with  absciasee,  peripheral  velocity 
in  feet  per  second,  and  ordinates  the  theoretical  velocity  from 
formula  V  =  '^/^If,. 

H,  is  the  total  static  head  which  pump  maintains  at  the 
known  peripheral  velocity  Vp. 

Now  7„  =  (py/lgHt, 
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and 


'P^  K. 


From  the  curve  it  will  be  seen  that  ■?  =  .898. 

The  four  values  of  H,  ■which  were  plotted  were  taken  from 
the  observatioDS  with  discharge  valve  closed ;  these  are  shown 
as  small  circles.  The  crosses  show  results  obtained  by  attach- 
ing a  hose  and  elevating  discharge  until  water  refused  to  run 
exit  at  a  known  speed  of  revolution  for  pump,  and  then  measur- 
ing the  difference  ot  water  level  between  suction  and  diechai^e. 

The  cur^'es  shown  in  Fig.  87  explain  themselves. 

An  attempt  has  been  made  to  show  three  variables  on  a  plane  ; 
these  are  better  shown  by  a  solid.  If  templates  be  made  the 
size  of  these  separate  curves,  and  placed  along  a  third  axis  at 
distances  proportional  to  number  of  revolutions  per  minute,  a 
solid  may  be  constructed  by  filling  in  between  the  curves.  In 
this  way  the  manner  in  which  revolutions,  head,  and  efficiency 
vary  may  be  shown.     Such  a  model  has  been  constructed. 

The  general  form  of  the  curves  of  efficiency  for  a  centrifugal 
pump  shows  conclusively  that  there  is  a  proper  speed  at  which 
pump  should  be  run  for  a  given  lift  and  maximum  efficiency. 

The  pump  described  above  is  a  part  of  the  equipment  of  the 
Mechanical  Laboratory  of  Tulane  University  of  Louisiana. 
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Opportunity  was  offered,  through  the  courtesy  of  Alfred  Ray- 
mond, M.E.,  manager  of  the  drain^e  system  of  New  Orleans, 
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and  W.  M.  White,  B.E.,  assistant  manager,  to  participate  in  a 
test  of  one  of  the  large  centrifugal  pumps  of  the  drainage  sys- 
tem, located  at  Jourdau  Avenue.  This  pump  has  au  impeller 
70  inches  in  diameter,  with  26  inches  width  of  blade  at  widest 
part,  decreasing  to  10  inches  width'  at  periphery,  where  tliere 
is  a  vortex  chamber.  There  are  double  suction  pipes  36  inches 
in  diameter.  The  discharge  pipe  is  48  inches  in  diameter  near 
pump,  enlarging  to  52  inches  after  passing  discharge  valve. 
The  pump  has  its  shaft  horizontal,  and  is  direct-connected  to  a 
vertical  triple-expansion  engine,  whose  cylinders  are  13  inches, 
21  inches,  and  'di  inches  in  diameter ;  stroke,  S4  inches. 


::to 


Engine  and  pump  are  placed  several  feet  above  the  diaclarge  " 
level,  so  that  the  pump  has  to  be  primed  by  means  of  a  steam 
injector,  and  must  be  run  at  a  rate  of  speed  which  is  above  the 
most  economical  rate  to  prevent  the  water  from  being  pulled 
out  by  gravity. 

In  the  test  the  water  was  pumped  down  until  the  head  pumped 
against  was  approximately  2  feet ;  then  a  series  of  readings  were 
taken,  including  indicator  cards  from  engine,  beginning  with  a 
high  number  of  revolutions  and  decreasing  speed  by  decrements 
to  the  lowest  possible,  for  that  head-  In  this  way  the  bead  was 
kept  practically  constant  for  a  set  of  observations.  The  canal 
was  then  pumped  down  another  foot,  and  observations  taken  as 
before.     This  was  continued  throughout  the  range  of  ordinary 
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lifts  for  pump.  Manometer  readings  were  not  takeu  with  first 
set  of  observations. 

It  will  be  seen  that  the  results  of  this  test  may  be  plotted  as 
a  solid  also.  The  three  variables  are  as  before,  head  pumped 
against,  velocity,  and  efficiency ;  but  in  this  case  the  head  was 
kept  constant  and  the  variation  of  efficiency  with  velocity  was 
noted,  while  in  the  case  of  the  small  pump  the  constant  for  a 
set  of  observations  was  the  velocity  of  rotation,  and  the  vari- 
ables, head  and  efficiency. 

The  quantity  of  water  to  be  measured,  in  the  test  of  the  large 
pump,  was  great.     A  weir  would  be  too  expensive,  and  was  not 


Pitot'9  Tube. 


to  be  thought  of  seriously.  It  was  decided  to  use  a.  Pitot's  tube 
(Fig.  88)  to  measure  the  velocity  of  the  water  in  the  discbai^ 
pipe.  The  tube  used  is  the  property  of  Tulane  University.  It 
consists  of  a  nozzle  about  3  inches  long,  with  ^-inch  hole, 
screwed  into  a  j-inch  tee,  into  the  top  of  which  is  screwed  a 
short  |-inch  nipple.  Back  of  this  tee  is  another  of  the  same 
size,  a  solid  iron  plug  connecting  the  two. 

There  are  three  i-inch  holes  in  the  sides  and  bottom  of  the 
latter  tee,  and  another  short  J-incb  nipple  screwed  into  its  top, 
while  the  opening  opposite  the  nozzle  is  plugged. 

Above  the  short  J-inch  nipples  IJ-iuch  pipes  were  used. 
These  were  made  to  slide  through  holes  in  an  8-inch  cap,  which 
latter  acted  as  a  guide  and  prevented  vibrations,  allowing  read- 
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ings  to  be  takan  at  any  point  along  a  vertical  plane,  which  was 
a  diameter  of  the  discharge  pipe,  to  within  a  few  inches  of  top 
or  bottom.  Several  readings  were  taken  for  each  observation, 
usually  at  points  one  foot  apart,  starting  at  the  top  and  going 
down  by  increments  of  one  foot,  then  returning  to  the  top  by 
the  same  increments.  The  average  of  these  readings  was  used 
for  a  final  reading. 

The  calibration  of  the  Pitot's  tube  (Fig.  89)  was  accomplished 
by  fastening  it  to  an  outrigger  in  the  bow  of  a  small  skiff,  and 
drawing  it  along  a  canal  at  a  known  velocity  for  500  feet.  For 
this  purpose  a  wire,  600  feet  long,  was  stretched  along  the  canal 
so  that  a  running  start  and  a  space  at  end  of  the  run  could  be 
obtained.  Small  ropes,  attached  to  the  skiff  and  to  pulleys 
running  on  a  wire,  held  ihe  skiff  in  true  course. 

The  skiff  was  pulled  along  the  canal,  at  a  uniform  velocity,  by 
men  on  the  bank  of  the  canaL  Two  observers  were  in  the  skiff, 
one  to  read  h — the  difference  of  level  in  the  two  glasses  of  the 
Pitot's  tube — and  one  to  take  the  time  in  passing  over  the  600 
feet 
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Average,  .849. 
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It  was  suggested  by  Mr.  White  that  if  a  third  tube  be  tapped 
into  the  discharge  pipe  of  the  pump  and  the  difference  of  level 
of  the  water  in  this  pipe  and  the  impact  pipe  of  the  Pitot's  tube 
be  used  for  A„  in  the  formula  v  =  ^\/2aA„  ^^^^  ^  should  be 
unity ;  or,  in  other  words,  that  the  ratio  of  the  velocity  shown 
by  above  arrangement  to  the  velocity  as  shown  by  the  regular 
Pitot's  tube  ought  to  be  the  constant  obtained  by  calibrating 
the  Pitot's  tube  in  the  canal. 

In  the  first  case  the  ratio  was  .856  and  in  the  latter  .849. 


Another  method  was  used  by  Mr.  White  to  measure  the  veloc- 
ity of  water  in  suction  pipes. 

It  consisted  of  a  small  pipe,  dipping  into  the  water  on  the 
suction  side,  and  another  tapped  into  the  suction  pipe  some 
distance  above  the  suction  water;  both  were  brought  over  to 
the  wall  and  connected  to  glass  tubes,  side  by  side,  with  tops 
joined  and  a  way  provided  to  draw  water  to  a  convenient  height 
in  the  glasses  after  the  manner  of  a  Pitot's  tube.  This  was 
done  with  both  suction  pipes.  The  water  being  raised  until 
visible  in  both  glass  tubes  showed  a  difference  of  level,  when 
water  was  running  in  the  suction  pipes,  which  was  proportional 
to  the  velocity  head. 

The  suction  pipes  were  always  full  of  water,  so  that  this 
"  velocity  gauge  "  could  always  be  used ;  while  the  discharge 
pipe  was  not  always  full  because  the  pump  was  considerably 
higher  than  the  discharge  level,  and  at  low  speeds  water  was 
not  supplied  fast  enough  to  keep  the  pipe  full.  This  rendered 
the  readings  of  Pitot's  tube  worthless  for  low  speeds  of  the 
pump. 

By  taking  observations  with  Pitot's  tube  which  were  known 
to  be  with  full  discharge  pipe,  and  by  comparing  them  with  the 
readings  of  "velocity  gauge,"  a  constant  was  obtained  which 
was  used  to  compute  the  true  velocity  from  readings  of  "ve» 
locity  gauge." 


Before  starting  the  regular  test,  the  discharge  valve  was 
closed  and  the  pump  was  run  at  four  different  speeds,  each 
speed  being  kept  constant  long  enough  to  obtain  accurately 


)  09  OENTBiruOAt.  FU1CF8. 


the  TeTolnti<HiB  per  minute  and  the  readings  of  manometers 
on  Bnetion  and  disi^urge  as  below. 
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These  results  plotted  in  the  earve  (Fig.  90)  give  a  value  for  ^ 
of  1.02,  as  BhowQ.  Vp  =  1.02  ^2gHf,  to  compute  the  total  head 
corresponding  to  a  given  peripheral  velocity. 
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The  cnrreB  of  probable  efficiency  (Fig.  91)  for  the  l&i^  pump 
were  computed  on  the  basis  of  90  per  cent,  mechanical  efficiency 
for  the  engine.  The  curves  show  qnite  regular  results,  except 
in  the  case  of  the  curve  for  averse  head  of  3.11  feet,  vhioL 
does  not  accord  with  the  others. 

An  examination  of  the  manometer  readings  will  show  that  one 
suction  pipe  was  partially  stopped  up,  causing  more  water  to 
enter  on  one  side  than  on  the  other.  This  was  likewise  shown 
by  the  "  velocity  gauge."     The  values  of  S  for  observatiotis 
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Nos.  7-11,  inclusive,  when  one  suction  pipe  was  stopped  up,  are 
nearly  constant  and  have  an  average  value  of  4.75. 

Nos.  13-29,  inclusive,  with  the  exception  of  Nos.  16  and  1% 
which  should  be  rejected,  give  an  average  value  of  5  =  2.79. 

That  is,  with  the  pump  taking  considerably  more  water  on 
one  side  than  on  the  other,  the  loss  of  head  within  the  pump  is 
1.75  times  the  velocity  head,  while,  after  water  was  allowed  to 
run  back  and  clear  suction  pipes,  the  loss  fell  to  2.79  times 
velocity  head  and  remained  practically  constant. 

The  complete  data  are  too  voluminous  to  present  in  this  paper. 
That  the  results  are  reasonably  accurate  seems  probable  when 
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the  regularity  of  efficiency  cnryes  is  considered  and  the  values 
of  the  constant  <?. 

The  writer  wishes  to  acknowledge  indebtedness  to  John  Y. 
Snyder,  B.E.,  of  Shreveport,  La.,  for  assistance  in  testing  the 
small  pump,  and  to  Messrs.  Baymond  and  White  in  testing  the 
large  pump. 

DISCUSSION. 

Mr.  Wm,  0.  Webber, — The  writer  is  at  very  much  of  a  loss  to 
fully  understand  just  what  Mr.  Gregory  is  trying  to  get  at. 

By  Appold's  formula  for  velocity  the  revolutions  per  min- 
ute of    any  centrifugal  pump  are    obtained   by  the    equation 

-p^-i^ ,  m  which    Of  represents  the  circumference 

of  the  disk  in  feet.  The  writer  found  on  the  more  im- 
proved pump  that  he  designed  that  the  formula  could  be  re- 

,        ,   .     (\/77  X  400  +  350)      ^,  ^  n  ^ 

duced  to  Y^ \     The  average  of  Gregory's  experi- 

Uj  

.1          ,1    ,  ,  .     -         ,              ( V // X  500  +  450)         .,    , 
ments  shows  that  his  formula  was    ^t^t* ^  so  that 

the  pump  should  have  been  between  Appold's  pump  and  the 
writer's. 

In  the  writer's  previous  articles  on  this  subject  (vols.  vii.  and 
ix.  of  the  Transactions) y  he  shows  that  in  any  well-designed  cen- 
trifugal pump,  where  the  data  and  observations  are  made  with  a 
weir,  or  other  means  by  which  the  amount  and  height  to  which 
water  is  elevated  can  be  accurately  determined,  the  efficiencies 
of  such  ])um])s  increase  up  to  a  velocity  through  the  dischai^e 
aperture  of  about  10  feet  per  second,  with  the  exception  of  a  10- 
inch  Ileald  &  Scisco  pump,  which  decreased. 

The  writer  has,  therefore,  plotted  the  tests  of  the  48-inch  pump 
from  the  data  given  by  Mr.  Gregory  (Fig.  92),  the  vertical  divisions 
representing  the  efficiency,  and  the  horizontal  divisions  the  gallons 
per  minute  and  velocity  in  feet  per  second,  through  a  48-inch 
aperture — all  of  which  show  a  decreasing  efficiency  of  from  8.6 
feet  to  15.72  feet ;  but  which  also  show  a  higher  efficiency  in  the 
higher  lifts  than  the  lower  lifts,  which  would  correspond  with  the 
writer's  experience,  as  he  found  the  highest  efficiencies  to  be  at 
about  20  feet  lift. 

Also  another  table  (Fig.  93),  the  vertical  heights  representing 
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efficiency,  the  horizontal  divisions  representing  head  in  feet ;  and 
in  this  chart  it  shows  that  the  efficiency  is  increasing  with  the 
head  in  feet,  but  decreasing  in  efficiency  as  the  quantity  of  water 
increases — all  of  which  would  tend  to  show  that  the  pump  was 
running  at  too  high  a  speed,  giving  too  great  a  velocity  in  feet 
per  second,  and  pumping  entirely  too  much  water  to  have  given 
the  best  results. 

The  writer  also  thinks  that  the  tests  are  open  to  criticism 
from  the  view  that  in  tests  No.  7  and  No.  8,  where  the  heiid  is 
exactly  the  same,  the  velocity  from  the  velocity  gauge  approxi- 
mately the  same,  the  hydraulic  horse-power  nearly  the  same,  and 
the  water  pumped  in  cubic  feet  per  second  nearly  the  same,  yet 
there  is  a  difference  of  11^  horse-power  in  the  total  horse-power, 
required,  which  seems  to  show  a  lack  of  care  in  either  taking  or 
figuring  out  the  indicator  cards. 

Mr.  Gregory  gives  a  chart  showing  the  peripheral  velocity  of 
this  pump,  which  varies  from  25.02  to  38.60  feet  per  second.  This, 
the  writer  has  shown  in  his  previous  papers,  is  too  high,  as  all  of 
the  best  data  on  centrifugal  pumps  show  that  the  best  results  are 
obtained  at  peripheral  velocities  not  exceeding  from  28  to  30 
feet  per  second. 

The  writer  would  also  criticise  a  series  of  tests  where — as  Mr. 
Gregory  states — since  the  pump  was  considerably  higher  than 
the  discharge  level  the  discharge  pipe  was  not  always  full,  and  at 
low  speed  water  enough  was  not  supplied  to  keep  the  pipe  full. 
This,  in  the  writer's  opinion,  would  tend  io  eflFace  tests  made  under 
these  conditions.  The  writer  has  found  by  his  experiments  that 
it  is  always  better  to  have  a  centrifugal  pump  discharge  above 
itself,  so  as  to  keep  a  constant  head  on  the  pump  and  keep  the 
pump  case  and  discharge  pipes  full  of  water. 

The  writer  would  also  criticise  the  curves  of  efficiency  shown 
in  Fig.  91,  based  on  the  revolutions  per  minute,  which  curves  show 
an  upward  curvature,  tending  to  give  an  infinite  efficiency  at  no 
revolutions,  which  is  absurd.  The  curves  should  bend  the  other 
way,  because  there  must  have  been  some  speed  below  the  points 
plotted  in  this  table,  at  which  the  maximum  efficiency  was  ob- 
tained, and  below  which  number  of  revolutions  per  minute  there 
w^ould  have  been  a  falling  oflf  of  efficiency. 

The  highest  efficiencies  which  Mr.  Gregory  gets  are  stated  by 
him  as  being  "probable,"  and  53.50  is  the  highest  figure  he  ob- 
tains for  the  pump  alone,  and  48.20  for  the  engine  and  pump; 
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and  the  average  of  his  efficiencies  is  something  in  the  neighbor- 
hood of  80  per  cent. — all  of  which  is  very  low,  and  would  tend  to 
throw  a  doubt  on  the  results  for  so  large  a  pump,  even  if  it  were 
of  a  very  inefficient  form  of  construction. 

The  writer  does  not  think  that  the  Pitot-tube  method  of  meas- 
nring  the  discharge  of  the  pump  by  velocity  can  be  taken  as  suffi- 
ciently accurate  from  which  to  draw  conclusions. 

In  his  opinion,  centrifugal  pump  tests  to  be  of  any  use  and  at 
all  reliable  should  either  be  made  by  pumping  water  to  a  known 
height  and  measuring  it  through  a  weir,  or  pumping  it  through  a 
Venturi  meter  which  has  been  carefully  calibrated. 

In  some  recent  tests  made  by  the  writer  on  30-inch  pumps,  at 
Albany,  under  a  lift  of  20.92  inches,  the  efficiency  of  the  pumps 
and  engine  was  66.3  per  cent.,  the  revolutions  per  minute  were 
214,  the  quantity  of  water  discharged  was  9,550  gallons  per  min- 
ute, or  about  212.8  cubic  feet  per  second,  and  the  net  efficiency 
of  the  pumps  alone  77  per  cent. 

At  some  later  date  the  writer  will  furnish  a  complete  log  of 
this  test — which  was  a  24-hour  duty  test — for  the  Society. 

Mr.  E.  T.  Adams. — The  subject  discussed  by  Mr.  Gregory  is 
very  timely.  Efficiencies  above  70  can  now  be  obtained  with 
centrifugal  pumps  at  heads  ranging  from  the  lowest  up  to  heads 
limited  more  by  the  ability  of  the  impeller  to  resist  the  stresses 
due  to  centrifugal  force  than  by  the  height  to  which  the  water  is 
to  be  lifted.  It  is  not  meant,  of  course,  that  70  to  80  per  cent. 
eflSciency  is  always  possible,  regardless  of  head,  cost,  or  the  condi- 
tions under  which  the  pumps  must  be  operated ;  but  I  do  mean 
that  such  efficiencies  are  possible,  almost  regardless  of  head,  when 
the  other  conditions  are  favorable. 

This  naturally  has  led  to  the  use  of  the  centrifugal  pump  in 
many  situations  where  formerly  it  was  excluded  by  reason  of  its 
supposedly  low  duty,  or  because  it  was  supposed  that  it  was  par- 
ticularly inefficient  at  high  heads. 

In  view  of  this,  it  is  seen  at  once  that  the  efficiencies  reported 
are  ridiculously  low ;  40  or  50  per  cent,  too  low  in  the  case  of  the 
large  pump,  and  nearly  200  per  cent,  too  low  in  the  case  of  the 
small  pump.  Such  low  efficiencies  are  not  typical  of  American 
practice,  and  is  it  not  questionable  whether  any  good  purpose  is 
served  by  their  publication  without  such  explanation  as  would 
enable  the  reader  to  determine  whether  it  was  the  pum]>s  or  the 
methods  of  testing  which  were  at  fault?    It  is  to  be  h(>|>ed  that 
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Mr.  Gregory  will  supply  that  adequate  analysis  of  the  losses,  and 
the  reasons  therefor,  which  alone  can  make  the  records  of  value. 

As  Mr.  Gregory  has  pointed  out,  much  depends  on  the  methods 
of  testing,  the  location  of  manometers,  and  the  like,  and  there 
are  several  points  of  this  nature  which  the  paper  does  not  make 
exactly  clear.  For  example,  all  the  elbows  on  the  discharge 
apjiear  to  be  located  beyond  the  manometers  on  the  discharge. 
Of  course  this  is  correct,  so  far  as  location  is  concerned ;  but  as  a 
manometer  so  located  would  register  all  resistance  beyond  that 
ix)int,  why  does  the  author  state  that  these  elbows  "made  a  bad 
showing  for  efficiency ''  i  Again,  the  manometer  placed  in  the 
suction  is  advisable,  since  it  insures  uniform  conditions  and  makes 
the  efficiency  of  different  pumps  strictly  comparable;  but  when 
placed  as  close  to  the  pump  as  shown  by  Mr.  Gregory,  it  will 
register  almost  anything  between  the  true  pressure  head  at  that 
point  and  a  pressure  due  to  the  forced  vertex  formed  by  the 
impeller.  In  cases  which  have  come  to  the  writer's  notice,  this 
pressure  has  amounted  to  several  feet  of  water,  and  a  manometer 
placed  as  shown  in  Fig.  00  has  been  used  by  the  writer  with  fair 
success  in  getting  an  approximate  value  of  the  "  velocity  of  whirl 
at  inlet "  ;  but  when  thus  located,  its  use  as  a  part  of  a  scheme  for 
determining  the  static  head  is  of  more  than  doubtful  value.  There 
is  much  corroborative  evidence  that  the  methods  employed  in 
preparing  and  conducting  the  tests  are  seriously  at  fault.  Of 
course  this  may  have  been  unavoidable,  but  it  seems  reasonable 
that  the  data  presented  should  be  complete  enough  to  allow  any 
member  to  judge  accurately  of  this  for  himself. 

The  large  pump  tested  was  designed  and  built  by  a  prominent 
California  specialist  in  this  line  of  work,  and  in  the  designer's  ac- 
count of  it,  published  about  three  years  ago  in  the  ^Engineering 
JVewSy  it  was  stated  that  at  12-foot  head,  with  150  cubic  feet  per 
second  capacity,  the  efficiency  should  be  (55  \^r  cent.  This  figure 
is  rather  low  to  be  considered  good  practice  now,  but  was  excel- 
lent for  that  time ;  and  it  seems  very  probable  from  the  figures 
presented  in  this  paper  that,  when  properly  tested,  it  should  give 
very  nearly  or  quite  the  efficiency  predicted.  At  velocities  of  10 
to  14  feet  per  second,  the  water  flowing  from  a  centrifugal  pump 
is  a  very  turbulent  stream ;  and  between  weeds,  eddies,  cross  cur- 
rents, and  entrained  air,  it  is  probable  that  quantity  determinations 
bv  means  of  a  Pitot  tube  are  verv  far  from  beino:  accurate.  The 
pump,  from  the  authors  description,  must  be  located  at  or  near 
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the  top  of  a  syphon  of  which  the  suction  is  the  longer  and  the 
discharge  the  shorter  leg,  and  the  tendency  mentioned  for  water 
to  be  "pulled  out  by  gravity"  on  the  suction  side  should  be  bal- 
anced by  a  like  tendency  on  the  discharge  side ;  and  a  more  reason- 
able cause  for  the  low  quantity  discharged  at  the  heads  and 
velocities  given  seems  to  be  that  the  pump  was  not  put  in  proper 
operating  condition  before  the  tests  were  made,  and  that  the 
pump  was  taking  in  a  very  large  amount  of  air. 

Regarding  the  formulae  and  the  deductions  made  therefrom,  it 
should  be  noted  that  T^  =  0  V  ^gH^  bears  on  its  face  a  statement 
of  the  conditions  to  which  its  use  should  be  limited,  and  there  is 
no  evidence  that  it  applies  at  all  to  the  pump  tested ;  and  even  if 
it  does,  it  should  be  remembered  that  ^  merely  fixes  the  relation 
between  the  velocity  of  the  rim  of  the  impeller  and  the  head  due 
to  the  angular  velocity  of  the  water  within  the  pump ;  ^  has  abso- 
lutely no  other  value,  and  cannot  be  used  even  to  approximate 
this  relation  after  discharge  begins^  when  the  mass  of  water  rotat- 
ing and  its  radius  of  gyration  have  become  totally  different  from 
what  they  were  when  there  was  no  flow  through  the  pump.  For 
this  reason  the  method  derived  for  determining  the  friction  head 
must  fail. 

Mr.  Gregory's  paper  bears  evidence  of  a  great  amount  of  care- 
ful, painstaking  work,  and  it  seems  unfortunate  that  this  should 
be  wasted  on  commercial  tests  of  inefficient  pumps  when  there  is 
such  a  rich  mine  of  important  problems  awaiting  that  careful 
original  investigation  which  is  more  frequently  possible  in  our 
engineering  colleges  than  elsewhere,  and  for  an  example  I  need 
go  no  further  than  that  problem  which  is  the  basis  of  all  formulas 
relating  to  centrifugal  pumps ;  namely,  the  velocity  of  whirl  of  the 
water  as  it  enters  the  blades  of  the  impeller.  The  formula  which 
Mr.  Gregory  has  used  assumes  certain  conditions.  The  formula 
usually  quoted  assumes  a  different  set  of  conditions ;  but  beyond 
the  knowledge  that  none  of  these  assumptions  is  strictly  accur- 
ate, little  of  real  value  is  known,  except  fragments  of  experimental 
determinations  made  by  various  manufacturers,  each  of  whom  in 
self-defence  hoards  his  own  fragment  of  the  whole  truth. 

The  whole  subject  is  rich  in  opportunity  for  original  investiga- 
tion, and  it  is  to  be  hoped  that  Mr.  Gregory  will  find  opportunity 
for  further  work  in  this  important  field. 

31  r.  Albert  F,  IlalL — The  writer  would  like  to  ask  Mr.  Gregory 
if  he  does  not  think  the  losses  due  to  shock  and  eddies  should  be 
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considered  in  the  total  head  HJ  In  any  measurements  that  may 
be  made  by  means  of  a  dynamometer  we  are  unable  to  separate 
the  hydraulic  resistances  from  those  of  friction  of  bearings,  etc. 
In  order  to  obtain  a  correct  understanding  of  the  true  action  of 
all  the  resistances  that  occur  in  the  centrifugal  pump,  much  has 
yet  to  be  done  if  we  wish  to  design  a  wheel  of  the  highest 
efficiency.  The  best  work  thus  far  published  in  English  is  the 
little  paper  by  Professor  Unwin.  {Proceedings  of  the  Inatitu" 
tioii  of  Civil  Engineers^  vol.  liii.,  session  1877-1878,  part  iii.)  The 
most  extensive  work,  and  one  that  has  gone  more  deeply  into  the 
matter  than  any  other  known  to  the  writer,  is  that  by  the  Rus- 
sian marine  engineer,  F.  A.  Brix,  Moscow,  1896,  of  which  the 
writer  has  a  translation  in  manuscript.  Other  works  by  Dr.  Gus- 
tavo Zeuner;  Dr.  Richard  Mollier ;  Professor  Brauer ;  Edmond 
l^farchand  Bey,  who  has  some  novel  ideas ;  Professor  Lindner ; 
Paul  Farcot ;  Professor  Grove ;  J.  Buchetti,  and  many  others 
whose  works  are  in  the  hands  of  the  writer,  have  discussed  this 
question  with  more  or  less  differences  in  detail,  yet,  to  a  certain 
extent,  they  have  all  followed  a  beaten  track,  and  left  the  matter, 
so  far  as  any  real  practical  results  go,  in  a  very  unsatisfactory 
state.  Too  little  is  known  regarding  the  resistances  at  the  en- 
trance to  the  wheel.  All  authors  assume  the  blades  to  end  at 
the  inner  circumference,  and  the  direction  of  the  path  of  water 
at  this  point  radial,  thus  ignoring  all  questions  that  arise  before 
this  point.  At  the  exit  from  the  wheel  proper  little  is  considered, 
except  in  some  cases,  and  the  design  of  the  volute  and  the  pas- 
sage from  this  to  the  discharge  pipe  proper  is  only  lightly  con- 
sidered. It  would  appear  that  unless  more  thorough  experiments 
are  made  than  have  heretofore  been  attempted,  we  shall  only  be 
able  to  design  a  centrifugal  pump  by  mere  guessing.  It  will  not 
do  to  praise  or  condemn  any  experiments  on  record,  because  the 
data  furnished  are  very  meagre.  It  will  not  do  to  express  an 
opinion  upon  the  form  of  the  blades  unless  we  accurately  know 
all  the  other  conditions,  and  there  are  many.  Mr.  Brix  has 
analyzed  very  thoroughly  the  path  of  the  water  through  the 
wheel,  and  has  not  confined  his  attention  to  action  at  the  inner 
and  outer  circumferences.  He  has  also  shown  a  geometrical 
method  for  designing  the  volute.  Mr.  E.  Marchand  Bey  has  dis- 
cussed, more  than  any  other  author,  the  question  of  entrance,  and 
Dr.  Mollier  has  some  novel  ]X)ints  on  the  influence  of  the  width 
of  the  wheel,     l^rofessor  Abel  has  also  written  some  valuable 
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nmtter.  Could  all  of  these  varioas  writers  be  collated  and  sys- 
tematized, and  combined  with  a  few  well-conducted  experiments, 
we  shonld  certainly  be  able  to  put  the  matter  into  better  shape 
than  now  exists.  As  it  is,  the  subject  is  one  of  mere  guesswork, 
notwithstanding  the  claims  of  various  builders. 

Prcf,  D.  S.  Jacolms. — The  method  of  testing  the  small  pump 
does  not  seem  to  be  a  proper  one.  It  appears  to  me  that  it  would 
be  impossible  to  guard  against  eddy  action  at  the  lower  end  of 
the  suction  pipe,  which  might  produce  a  lateml  force,  and  that 
the  effect  of  the  reaction  of  the  water  in  the  exit  pipe  could  not 
be  eliminated,  and  that  either  of  these  actions  might  affect  the 
readings  of  the  dynamometer. 

In  some  tests  made  a  short  time  ago  by  Mr.  H.  S.  Wood,  of 
the  Atlantic,  Gulf  and  Pacific  Company,  at  the  Stevens  Institute, 
where  he  wa&  granted  the  facilities  of  the  laboratories,  methods 
were  adopted  that  gave  results  of  great  accuracy.  Several  dif- 
ferent forms  of  pump  runners,  both  open  and  closed,  were  tested, 
as  well  as  different  forms  of  cases.  The  pumps  were  driven 
by  an  electric  motor  which  was  mounted  on  a  Webb  floating 
dynamometer.  The  dynamometer  registered  the  total  power 
applied  to  the  pump.  The  water  was  pumped  from  a  suction 
tank  at  about  the  pump  level  to  a  second  tank  mounted  above 
the  pump.  The  water  delivered  by  the  pump  was  not  throttled 
to  produce  a  working  pressure,  but  the  tank  into  which  the  water 
was  pumpeil  was  mounted  at  the  height  of  the  working  head. 
The  working  head  was  made  about  60  feet  in  one  series  of  tests, 
and  17  feet  in  another.  The  water  pumped  was  returned  to  the 
suction  tank  until  the  pump  ran  uniformly,  after  which  it  was 
collected  for  a  given  time  in  a  second  tank,  this  second  tank 
being  graduated  so  that  the  rate  of  flow  could  be  determined. 
Both  the  suction  and  discharge  pipes  were  5  inches  in  diameter. 
The  horse-i)Ower  required  to  drive  the  pump  varied  from  about 
8  to  25.  The  results  of  the  tests  ao^reed  very  well  amonsf  them- 
selves,  the  eflSciencies  for  duplicate  tests  varying,  as  a  maximum, 
1  per  cent,  from  the  average ;  the  average  variation  was  about 
i  of  1  per  cent. 

It  appears  that  the  author  of  the  pa})er  in  computing  the  effi- 
ciency of  the  small  pump  has  used  the  manometer  readings, 
whereas  with  the  large  pump  he  has  used  the  static  head  in  place 
of  the  manometer  readings.  The  static  head  is  the  proper  quan- 
tity to  employ,  and  the  efficiencies  for  the  small  pump,  being 
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computed  from  the  manometer  readings,  are,  therefore,  not  com* 
parable  with  those  which  he  gives  for  the  large  pump. 

The  point  has  been  well  taken  that  there  are  not  enough  data 
given  to  show  exactly  how  certain  results  are  derived. 

I  agree  w^ith  the  last  speaker  tiiat  the  method  of  obtaining  the 
friction  head  is  not  correct.  I  am  at  present  making  some  ex- 
periments of  my  own  in  this  line. 

Mr.  AVood,  of  whom  I  have  already  spoken,  is  present,  and  he 
is  the  one  who  designed  the  large  pump  referred  to  in  the  paper. 
With  your  permission  I  would  like  to  have  him  called  on  to 
make  a  few  remarks.     Can  this  be  done  ? 

The  President — AVe  would  be  pleased  to  hear  Mr.  Wood. 

Mr.  H.  S.  Wood. — Professor  Jacobus  is  not  exactly  right  in 
stating  that  I  designed  the  pump.  It  was  the  whole  plant.  John 
Richards,  of  California,  as  has  already  been  mentioned,  I  believe^ 
is  responsible  for  the  exact  curvature  of  the  pump  in  detail,  and 
guaranteed  to  us,  as  a  firm,  an  eflBciency  under  the  specification 
conditions  of  G5  per  cent.  In  explanation,  however,  of  the  short- 
comings of  the  conditions  under  which  those  experiments  were 
conducted,  I  can  state  that  the  pump  was  designed  for  12  to  18 
feet  head,  with  the  maximum  efficiency  nearer  the  larger  head 
than  the  smaller.  The  specifications  also  required  that  the  con- 
tractor should  conduct  experiments  to  the  satisfaction  of  the  city 
engineer  on  the  efficiency  of  said  pump.  AVhen,  however,  it  came 
to  arranging  for  those  experiments,  the  enormous  capacity  of  the 
pump  proved  a  stumbling  block.  There  was  neither  money  nor 
space  nor  time  to  construct  a  weir  to  handle  150  cubic  feet  per 
second,  which  was  the  specification  capacity  of  that  pump  at  the 
specified  lift.  Therefore,  the  next  best  system  had  to  be  searched 
for.  It  was  at  first  thought  that  we  might  get  along  with  a  cur- 
rent meter  introduce<l  through  a  hand-hole  or  man-hole  in  the 
top  of  the  discharge  pipe.  The  speed  of  the  discharge  current^ 
for  commercial  and  other  reasons,  had  been  assumed  to  be  about 
10  to  11  feet  per  second,  and  even  that  required  a  52-inch  pipe, 
although  the  pump  discharge  at  the  case  was  only  48  inches,  ex- 
panding to  52  by  a  tapered  section.  We  found  that  the  velocity 
was  entirely  beyond  the  capacity  of  any  current  meter  obtain- 
able to  safely  register  without  wearing  out  its  bearings.  We  got 
an  exi)ensive  one,  and  utterly  ruined  it  in  short  order.  We  had 
also  taken  up  the  question  of  the  Venturi  meter,  here  suggested 
by  one  of  the  speakers.     On  consultation  with  the  experts  on  the 
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Yenturi  meter,  we  foand  that  the  velocity  of  discharge  was  en- 
tirely beyond  reliable  registration  by  said  meter.  Had  we  had  5 
or  6  or  even  7  feet  a  second,  they  would  have  undertaken  the  task, 
although  it  would  have  been  very  expensive.  Consequently,  as  a 
last  resort,  practically,  in  order  to  enable  the  contractor  to  show 
some  result  and  to  get  his  pay,  if  he  deserved  it,  from  the  city,  the 
Pitot  tube  was  suggested,  and  the  Pitot  tube  was  used ;  and  had 
the  conditions  of  lift  been  within  the  specification  limits,  there 
might  have  been  some  reliable  results  obtained  with  the  Pitot  tube 
if  properly  calibrated.  As  a  fact,  however,  on  account  of  the  season 
of  the  year,  and  the  level  of  the  water  in  the  drainage  canal  inside  of 
the  levees  leading  to  this  pumping  station,  and  the  natural  level  of 
the  discharge  surface  without  the  levee  (which  is  the  level  of  Lake 
Pontchartrain,  and  of  the  Gulf  of  Mexico),  the  lift,  instead  of  being 
12  feet  minimum,  or  18  feet  maximum,  was  only  about  2  feet  and  a 
fraction,  as  this  paper  indicates.  Now  who  would  expect  a  pump 
designed  for  12  to  18  feet  lift  to  show  any  prophesied  efficiency  at 
2-foot  lift  ?  Consequently,  we  as  contractors  placed  no  reliance, 
and  we  as  engineers  placed  no  reliance,  upon  the  measure  of  effi- 
ciency of  those  tests.  Since  then  we  have  gone  fully  into  the 
question  of  comparative  merit  of  pump  cases  and  runners  of  dif- 
ferent design,  and  in  these  tests,  with  the  cooperation  of  Profes- 
sor Jacobus,  we  secured  a  great  many  valuable  points  and  in- 
fonnation  on  the  comparison  of  different  pump  cases  and  runners 
—not  the  absolute,  but  the  comparative,  because  the  constant  of 
frictional  loss  at  high  speeds  and  heads  had  to  be  the  same  for 
all,  and  was  not  separately  determinable. 

One  more  point  about  the  manometer  readings  at  New  Orleans. 
So  uncertain  was  the  pressure  in  the  discharge  pipe,  and,  we  be- 
lieve, in  the  suction  pipe,  that  at  one  place  where  we  had  cut  a 
hand-hole  to  insert  the  Pitot  tube,  some  10  or  15  feet  beyond  the 
discharge  orifice  of  that  pump — such  were  the  irregularities  or 
reaction  curves  of  pressure  due  to  the  change  from  centrifugal  to 
tangential  motion  in  the  water,  that  the  6-inch  diameter  open 
hand-hole  showed  absolutely  at  that  particular  point  no  tendency 
for  the  water  to  exude.  Water  could  be  seen  flowing  up  to  the 
top  of  the  pipe,  running  along  underneath  this  6-inch  opening  in 
the  top  of  the  pipe  and  not  exuding  therefrom ;  while  a  few  feet 
from  that  hole,  where  we  cut  through  other  experimental  holes, 
the  water  spurted  in  the  way  to  be  expected  in  a  natural  condi- 
tion.    I  think,  therefore,  it  will  be  seen  that  the  actual  circum- 
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stances  rendered  the  observations  almost  worthless  at  that  par- 
ticular time,  and  under  those  particular  conditions,  on  that 
particular  pump. 

M)\  Wm,  Kent, — I  am  especially  interested  in  this  paper  for  the 
reason  that  some  of  the  experiments  and  deductions  in  it  con- 
stitute the  best  experimental  proof  that  I  have  yet  seen  of  the 
inaccuracy  of  the  formula  quoted  in  the  last  line  of  the  first  page 
of  the  paper.  That  is  the  time-honored  formula  V  =  V^gH^.  It 
is  a  perfectly  correct  theoretical  formula  when  the  velocity  is 
produced  by  the  head,  but  it  is  incorrect  when  the  head  is  pro- 
duced by  the  velocity  ;  and  the  proof  of  the  last  statement  is  shown 
in  the  paper  in  the  most  satisfactory  way  I  have  ever  seen.  The 
formula  on  the  fourth  page  is  F=  ^V^y//i,  in  which  F  is  the 
peripheral  velocity  of  the  wheel,  H^  the  total  static  head,  and  cp  a 
certain  coefficient,  which  experimentally  the  author  finds  to  be  .808. 

By  transposition  we  find  that  the  H\n  this  formula  equals  1.24--- 

That  is,  the  head  produced  by  the  given  velocity  of  the  impeller  is 
24  per  cent,  greater  than  the  head  which  should  be  theoretically 
produced,  if  the  formula  F=  V2y//  is  correct.  This  means  that 
if  we  consider  the  peripheral  velocity  to  be  the  cause,  and  the 
head  the  effect,  then  the  effect  is  greater  than  the  cause,  which  is 
absurd.     The  only  conclusion,  then,  is  that  the  formula  is  wrong, 

-  V* 

and  that  the  theoretical  formula  should  be  T"=  ^gll  or  11^ — , 

and  the  experimental  result  is  //=0.02   -.     That  is,  the  actual 

9 
head  is  ()2  per  cent,  of  whjit  would  be  theoretically  the  head, 

provided  there  were  no  eddies  or  obstructions.     Take  the  Pitot 

tube.     Several  writers  on  the  Pitot  tube  have  said  that  the  proper 

formula  for  it  is  F=  V2y^,  but  the  exj)eriments  in  this  paper 
prove  that  it  is  not  correct.     The  correct  theoretical  formula  is 

V^ 

V=\/glI  or  //= — ,   and    the    correct    practical   formula   is 

t/ 

V^  ,  .  . 

H=  c    -,  in  which  c  is  an  experimental  coefficient,  always  less 

than  unity,  whenever  the  head  is  the  effect  produced  by  the 
velocitv.  1  have  never  seen  a  better  statement  of  how  to  test  the 
Pitot  tube  than  the  one  given  in  the  paper.  I  do  not  know  a 
belter  method  than  to  put  one  in  a  canal  where  there  is  no  cur- 
rent, and  tow  it  in  a  boat  at  a  uniform  velocitv.     The  author 
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obtained  in  his  experiment  F=  0.849  VSj'JT,  which  transposed  is 

jy=  1.39  _-j  or  89  per  cent,  greater  than  the  head,  which  many 

writers  on  the  Pitot  tube  sav  is  the  theoretical  head  that  can 
be  produced  by  the  velocity.    If  we  take  the  correct  formula  we 

obtain  uBr=  0.695 — ,  in  which  0.695  is  the  coefficient  of  efficiency 

y 
of  the  tube.    The  difference  between  0.695  and  unity  is  the  loss 

of  head  in  the  Pitot  tube,  due  to  eddies,  or  to  the  currents  not 

striking  it  squarely,  and  being  deflected  at  right  angles  to  its 

orifice.     It  is  well  known  that  the  pressure  produced  by  a  jet 

striking  a  blade  at  right  angles  to  the  jet  is  theoretically  equal  to 

yk 
twice  the  head  which  would  produce  the  velocity,  or  2  x  — . 

We  would  get  the  same  result  on  the  Pitot  tube,  provided  the  jet 
would  strike  it  fairly  and  leave  at  right  angles,  which  it  does  not 
do.  As  one  of  the  speakers  said,  we  can  have  no  confidence  in 
the  Pitot  tube  unless  it  is  standardized  every  time  it  is  used.  The 
Pitot  tube  thus  standardized  would  be  an  excellent  instrument  for 
testing  the  velocity  of  water  flowing  at  a  uniform  speed.  But  in 
no  current,  stream,  or  pipe  is  there  such  a  thing  as  uniform  veloc- 
ity of  water ;  so  that,  even  if  you  have  the  Pitot  tube  properly 
standardized,  the  next  question  is  how  to  use  that  and  get  the 
average  velocity  of  the  water  through  the  pipe.  That  is  a  matter 
of  great  difficulty,  and  has  to  be  done  by  taking  the  velocity  at 
different  points  of  the  area,  and  making  a  computation  by  the  aid 
of  the  calculus,  to  find  the  average  velocity. 

This  theoretical  formula  II  =  c  —  applies  to  centrifugal  pumps, 

•7 

Pitot  tubes,  centrifugal  fans,  and  windmills,  and  generally  to  all 
cases  in  which  the  velocitv  of  a  current  is  the  cause,  and  the  head 
is  the  effect;  while  F=  V'^gtl  is  the  correct  formula  where  the 
head  is  the  cause,  and  the  velocity  the  effect. 

Mr,  W,  B,  Gregary* — The  purpose  of  this  article  was  to  de- 
scribe two  tests,  together  with  the  methods  used,  in  order  that 
the  discussion  would  bring  forth  the  best  thoughts  of  those  mem- 
bers who  have  given  special  attention  to  this  type  of  pump. 

On  the  part  of  the  representatives  of  the  Drainage  Commission, 
the  test  of  large  pump  was  undertaken  to  determine,  among  other 


*  Author's  closure,  under  the  Rules. 
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things,  the  most  economic  speeds  for  pump  at  given  lifts.  By 
reading  gauges,  showing  the  level  of  canal  into  which  section 
pipes  dip,  and  level  of  canal  into  which  pump  discharges,  the 
engineer  in  charge  of  the  station  can  know,  by  referring  to  the 
curves.  Fig.  87,  the  speed  at  which  pump  and  engine  must  be  run 
to  give  best  economy. 

On  the  part  of  the  writer,  the  test  was  undertaken  to  prove 
certain  theories  and  obtain  what  he  hoped  would  be  valuable  data 
in  regard  to  centrifugal  pump,  Pitot's  tube,  etc. 

Mr.  Webber  has  given  a  formula  for  the  large  pump,  and,  after 
comparing  it  with  Appold's  formula  and  that  of  the  more  im- 
proved pump  designed  by  himself,  has  come  to  the  conclusion 
that  the  pump  should  have  been  between  Appold's  and  his  own. 
Presumably  he  refers  to  the  efficiency  of  the  pump.  After  plot- 
ting curves  of  his  own,  he  arrives  at  conclusions  which  were 
drawn  in  the  original  paper.  The  curves  for  large  pump  "show 
a  higher  efficiency  at  the  higher  lifts  than  at  the  lower  lifts " ; 
also  "  the  pump  was  running  at  too  high  a  speed,  giving  too  great 
a  velocity  in  feet  per  second,  and  pumping  entirely  too  much 
water  to  have  given  the  best  results."  This  confirms  the  writer's 
statements  on  page  267  of  paper. 

The  criticism  of  observations  Nos.  7  and  8  is  entirely  out  of 
place.  The  results  are  plotted  in  Fig.  87  as  the  two  lowest  points 
in  the  curve  having  an  average  value  of  ^,=3.14  feet.  It  stands 
to  reason  that  results  which  plot  in  as  smooth  curves  as  those 
shown,  and  particularly  the  two  observations  referred  to,  are 
probably  correct.  If  there  is  any  error,  it  is  one  that  runs 
throughout  the  entire  test,  and  the  probabilities  are  all  against  it. 

Undoubtedly  Mr.  Webber  is  right  in  having  a  centrifugal  pump 
discharge  above  itself,  so  as  to  "  keep  a  constant  head  on  the 
pump  and  keep  the  case  and  discharge  pipe  full  of  water." 
Under  such  conditions  the  speed  of  pump  could  be  reduced  until 
a  velocity  corresponding  to  maximum  efficiency  could  be  obtained. 
This  plant  had  to  be  tested  as  it  was,  so  far  as  elevation  was  con- 
cerned, however  it  had  been  carefully  overhauled  and  all  air  leaks 
stopped  previous  to  the  test. 

Mr.  Webber  says  that  the  curves  of  efficiency  (Fig.  91)  are 
"absurd,"  as  they  bend  in  the  wrong  direction — that  they  would 
tend  to  give  an  infinite  efficiency  at  no  revolutions.  This  is  not 
the  case,  and  would  have  been  shown  experimentally  had  it  been 
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possible  to  ran  the  pamp  at  lower  speeds.  The  reason  why  low 
speeds  oould  not  be  obtained  has  already  been  stated ;  had  it  been 
possible  to  obtain  points  on  curves  at  lower  revolutions  they 
would  have  risen  still  higher,  reversed  their  curvature  near  maxi- 
mum efficiency,  and  then  fallen  rapidly  to  zero.  The  zero  point 
in  each  curve  would  be  that  point  where  the  head  due  to 
peripheral  velocity  would  just  equal  the  lift  or  static  head. 

Before  discussing  efficiencies,  it  might  be  well  to  inquire  which 
efficiency  is  meant,  or,  rather,  what  quantities  are  to  be  credited 
to  a  pump  in  computing  its  output.  The  writer  cannot  believe 
that  Mr.  Adams  has  meant  the  same  efficiency  as  that  used  in  this 
paper.  Three  possible  efficiencies  will  be  stated ;  viz.,  commercial 
efficiency,  in  which  the  work  given  out  by  pump  is  obtained  by 
taking  the  product  of  actual  feet  in  diflference  of  level  of  suction 
and  discharge  and  pounds  of  water  pumped.  Secondly,  where 
the  pump  is  given  credit  for  pressures  which  exist  in  suction  and 
discbarge  pipes  near  the  pump,  these  pressures  being  obtained  by 
mercury  manometers  or  accurately  calibrated  pressure-gauges. 
In  this  case,  the  pump  is  given  credit  for  friction  head  in  suction 
and  discharge  pipes  and  head  lost  by  water  entering  suction  pipes. 
Thirdly,  what  might  be  called  mechanical  efficiency ;  in  which, 
in  addition  to  the  quantities  just  mentioned,  the  pump  is  also 
credited  with  the  velocity  head,  or,  in  other  words,  the  kinetic 
energy  remaining  in  the  water  due  to  velocity  of  discharge. 

In  the  case  of  the  small  pump,  the  head  pumped  against  was  the 
sura  of  diflference  of  level  of  suction  and  discharge,  and  the  head, 
in  inches  of  mercury,  reduced  to  feet  of  water,  which  was  shown 
at  the  end  of  the  discharge  pipe  just  back  of  a  valve  used  to  throt- 
tle discharge.  This  was  a  diflferent  manometer  from  those  near 
the  pump,  where  they  were  placed  on  suction  and  discharge  quite 
near  the  pump,  as  engraving  of  small  pump  shows.  The  power 
put  in  was  obtained  from  a  cradle  dynamometer.  If  we  credit  the 
pump  with  the  head  shown  by  manometers  near  it,  as  projwsed 
in  the  second  scheme  for  efficiency,  we  shall  find  that  the  third 
observation  from  bottom  of  log  of  test  of  small  pump  will  give  an 
efficiency  of  62.5  per  cent,  which  is  very  good  for  so  small  a 
pump.  The  peripheral  velocity  for  this  observation  was  32.8  feet 
per  second. 

The  statement  was  made  in  the  original  paper  that  elbows  and 
small  pipe  (2  inches)  in  tlie  discharge  of  the  small  pump  made  a  bad 
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showing  for  eflBciency.  The  known  lengths  of  pipe  and  the  com- 
monly accepted  coeflBcients  for  loss  of  head  in  elbows  and  pipe  will 
give,  by  computation,  about  11.3  times  the  velocity  head  as  the 
head  due  to  friction.  An  application  of  Beraouilli's  theorem  to 
exj^erimental  work  gave  a  value  which  agreed  almost  exactly  for 
loss  between  point  on  discharge  near  pump  and  point  near  end  of 
discharge  pipe.  It  will  be  seen,  from  this  fact,  that  it  was  impos- 
sible to  obtain  a  velocity  head  having  any  but  small  value.  This 
will  explain  why  the  curves  of  small  pump  are  so  pronounced,  and 
the  head  between  zero  and  maximum  efficiencies  so  small.  Had 
the  discharge  been  short  and  without  elbows,  the  curves  would 
have  been  verv  different. 

To  return  to  the  large  pump — if  we  take  observation  No.  29  we 
have  >^.77  feet,  the  head  shown  by  the  manometers  near  the  pump. 
To  compute  efficiency  according  to  the  second  scheme  mentioned, 

I         I     1       1-     I                            8  77  X  108.2  X  62.3       ^^^^ 
we  have  hydraulic  liorse-|X)\ver  = ;— =  10 4.3. 

107.3  -=-  ISl.l  =  .593,  the  efficiency  of  pump  and  engine.  .593  -5- 
.90  =  .(57,  the  probable  efficiency  of  pump. 

Agjiin,  if  we  compute  efficiency  according  to  third  scheme,  we 
will  have  to  add  to  8.77  the  velocity  head  .84;  then  we  have 

hvdraulic   horse-iK)\ver  = ^r;— =  117.5.      117.o  -f- 

*  i)oO 

ISl.l  =  .65,  and  .65  -^  .90  =  .72,  which  corresponds  to  the  ideas 

expressed  by  some  of  the  critics. 

It  must  not  be  forgotten  that  pump  was  running  at  too  high  a 
speed  and  was  pumping  against  a  much  lower  head  than  that 
for  which  it  was  designeil. 

The  writer  is  of  firm  conviction,  in  spite  of  the  remarks  of  Mr. 
Adams,  that  manometers  near  the  pump,  say  twice  the  diameter 
of  the  pi|)es  on  which  they  are  placed,  from  the  pump  casing, 
either  on  suction  or  discharge,  will  give  true  readings  of  static 
head.  Fig.  86  shows  that  the  small  circles  which  were  plotted 
from  values  of  head,  read  in  inches  of  mercury,  are  quite  as  re- 
liable as  those  measui^ed  by  elevating  discharge  pipe  and  taking 
actual  measurements  in  feet  of  water,  such  as  observations  plotted 
as  drosses.  The  writer  lx4ieves  this  to  be  true  when  water  is 
running  through  pump,  for  by  taking  the  sum  of  head  shown  by 
manometei*s  anil  velocity  head  for  small  pump,  and  obtaining 
the  theoretical  velocitv  from  this  head  bv  means  of  the  formula 
^  =  v'2<//i  and  plotting  ivsults  as  in  Fig.  86,  all   jioints  will  bt* 
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found  to  coinoide  with,  or  be  very  close  to,  the  line  already  drawn. 
In  this  case  no  aooount  is  taken  of  friction  head  lost  by  water 
passing  through  the  pump,  and  sufficient  refinement  could  not  be 
had  in  experiment  to  show  it ;  but  as  friction  head  is  a  constant 
times  velocity  head,  and  velocity  head  is  always  very  small  in  com. 
parison  with  total  head,  the  error  in  disregarding  it  is  small.  Sub- 
sequent tests  by  students  have  checked  the  accuracy  of  the  test 
given  and  have  shown  the  point  just  referred  to  even  better  than 
in  this  test. 

In  spite  of  the  criticism  of  the  formula  F^  =  ^  \/2^i^i,  and  the 
method  of  finding  friction  head  in  the  case  of  the  large  pump,  the 
fact  remains  that  this  test  worked  up  on  that  basis  gave  very  reason- 
able results.  It  does  not  necessarily  follow  that  since  the  head 
produced  by  a  given  peripheral  velocity,  according  to  this  formula, 
is  greater  than  the  theoretical  head  due  to  that  velocity  *^the 
time-honored  formula  is  wrong.  At  any  rate,  it  makes  no  differ- 
ence with  practical  results  in  this  case ;  the  above  equation  merely 
expresses  a  relationship  which  has  been  found  true  experimentally. 
From  the  head  due  to  peripheral  velocity  the  sum  of  static  and 
velocity  heads  was  subtracted,  and  the  remainder,  which  has  been 
called  friction  head,  was  found  to  be  a  constant  times  velocity 
head.  None  of  the  gentlemen  who  criticized  this  work  gave  any 
proof  of  error,  if  any  exists.  This  point  was  not  an  after  thought 
brought  out  in  working  up  this  test,  but  the  test  was  undertaken 
with  the  idea  in  mind  of  proving  this  point. 

In  regard  to  this  friction  head  it  seems  to  the  writer  to  be  best 
explained  by  a  consideration  of  Bernouilli's  theorem.  At  points 
in  the  suction  and  discharge  near  pump,  manometers  show  static 
heads.  The  measurements  of  water  for  continuous  flow  give 
velocity  and  velocity  head.  Between  these  points  is  a  source  of 
head;  viz.,  the  impeller  of  pump.  Knowing  the  head  corre- 
sponding to  a  given  peripheral  velocity  of  impeller,  the  heads  at 
manometers,  and  the  velocity  head,  the  loss  must  be  due  to  fric- 
tion and  possibly  impact,  etc.,  between  these  points.  Such  a  loss 
of  head  would  occur  if  water  were  flowing  through  pump  and 
impeller  not  moving.  This  does  not  account  for  all  the  losses  in 
the  pump,  for  there  will  be  the  friction  of  bearings,  which  will  be 
small,  and  the  friction  of  sides,  if  impeller  disk  revolves  against 
the  water,  which  will  not  be  shown  by  the  friction  head  referred  to. 

The  writer  believes  tliat  by  this  method  one  hydraulic  loss  may 

be  separated  and  studied.     Doubtless  this  friction  head  is  some- 
19 
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what  influenced  by  the  shape  of  impeller  blades.  By  using  this 
method,  that  loss,  together  with  the  water  entering  the  impeller, 
could  be  studied. 

Some  designers,  in  experimenting  with  different  shaped  blades, 
have  assumed  that  the  sliape  which  gave  the  greatest  head  for  a 
given  peripheral  velocity  was  the  best  in  every  way.  It  does  not 
follow  that  this  is  true,  as  the  shape  of  blade  which  gives  the 
greatest  head  may  be  the  one  in  which  the  friction  losses  are 
greatest. 

The  fact  that  the  discharge  pipe  was  not  always  full  at  the 
place  of  inserting  the  Pitot's  tube  does  not  affect  the  results  ob- 
tained, because  it  does  not  follow  that  the  pump  was  not  full  of 
water  when  the  discharge  pipe  was  not  full  at  a  distance  of  about 
20  feet  from  pump.  It  was  stated  in  the  paper  that  the  readings 
of  the  Pilot's  tube  were  not  used  whenever  the  discharge  pipe  was 
not  full ;  in  fact,  the  velocities  used  as  the  true  velocities  were  ob- 
taineii  from  tlie  velocity  gauge ;  but  the  constant  to  be  used  with 
the  velocity-gauge  readings  was  obtained  by  a  comparison  of  those 
readings  with  those  of  the  Pitot's  tube  for  observations  where  dis- 
charge pipe  was  known  to  be  full ;  column  17  gives  this  compari- 
son ;   where  omitted,  discharge  pipe  was  not  full. 

In  order  that  the  amount  of  variation  in  readings  of  Pitot's  tube 
and  velocity  gauge  may  be  shown,  sample  readings  of  both  will 
be  given  for  observation  Xo.  20.     From  observed  head,  velocity 

was  computed  by  means  of  formula  F=  V  2y/i  in  each  case;  con- 
stants were  introduced  later,  as  indicated  in  log. 
Velocities  from  Pitot's  tube  and  velocity  gauge. 

Pilot's  tube.  Velocity  gaoge. 

I.  II. 

11.88  13.10  9.93 

12.10  13.20  10.09 

11.75  13.08  10.07 

12.20  12.96  9.80 

12.65  12.88  9.60 

12.85  12.90  9.60 

12.62  12.98  9.76 

12.25  12.90  9.80 

12.10  av.  12.99  9^ 

av.  12.27  av.  9.83 

Average  12.99  and  9.82=11.40. 

These  readings  were  taken  simultaneously,  and  those  shown  are 
fair  samples.     It  will  be  seen  that  the  velocity  in  the  two  suction 
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pipes  was  unequal,  aooording  to  readings  of  velocity  gauge ;  this 
will  help  to  account  for  a  part  of  the  friction  loss  as  the  water 
passes  through  the  pump. 

That  Pitot's  tube  and  velocity  gauge  measurements  are  correct 
and  reliable  was  recently  shown  at  the  tests  of  one  of  the  large 
pumps  at  station  No.  6  of  the  New  Orleans  Drainage  System. 
These  pumps  have  impellers  about  9  feet  6  inches  in  diameter  and 
discharge  pipe  8  feet  in  diameter.  The  Pitot's  tube  used  in  the 
test  described,  and  a  velocity  gauge  arranged  in  a  similar  manner, 
were  used  as  a  check  on  measurements  of  water  discharged  through 
a  flume  of  known  cross-section,  the  velocity  being  obtained  by 
means  of  a  velocity  meter  of  the  revolving  vane  type,  which  was 
slowly  moved  across  the  flume  near  the  water  level,  then  lowered 
and  moved  across  again,  the  process  being  repeated  until  the  total 
section  of  flume  had  been  crossed  at  definite  intervals  and  the 
mean  velocity  thus  obtained. 

In  this  case  Pitot's  tube  was  used  in  the  suction  pipe  of  the  pump. 
It  was  found  that  both  tube  and  velocity  gauge  agreed  with  results 
obtained  from  flume  and  velocity  meter  very  closely,  the  maxi- 
mum difference  being  about  3  per  cent.,  and  under  favorable  con- 
ditions the  difference  being  less  than  1  per  cent.  The  amount  of 
water  measured  was  more  than  250  cubic  feet  per  second. 

The  water  measurements  in  connection  with  test  described  in 
original  paper  have  been  elaborately  written  up  by  Mr.  White 
in  the  Journal  of  the  Association  of  Engineering  Societies^  vol. 
XXV.,  No.  4,  October,  1900. 

Mr.  Kent  states  that  if  the  formula  F=  0  \/2^A  be  assumed  for 
Pitot's  tube,  the  efficiency  of  this  tube  is  greater  than  unity,  and 
therefore  absurd.  The  peculiar  form  of  the  tube  may  cause  a 
suction  due  to  eddy  currents  about  the  holes  in  the  back  sec- 
tion of  tube ;  and,  while  the  impact  side  gives  the  head  due  to 
velocity,  the  suction  on  back  section  of  tube  may  be  added  to  the 
reading.  As  stated  in  the  paper,  when  a  pipe  was  brought  up 
from  a  hole  in  the  side  of  a  52-inch  discharge  pipe  of  pump,  and 
used  with  impact  side  of  tube,  the  formula  V  =  '^'^igh  was  found 
to  hold  almost  exactly,  the  error  being  no  greater  than  that 
usually  allowed  for  error  of  observation.  This  is  not  conclusive 
evidence,  but  experiments  on  various  shapes  of  tubes  would  show 
whether  the  time-honored  formula  is  to  be  discarded. 

Mr.  Kent  would  state  the  formula  V  =  '\/gh  {is  theoretically 
correct.     If  this  is  true,  a  properly  designed  Pitot's  tube  ought  to 
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demoDstrate  it.  If  we  must  always  use  a  constant  and  express 
the  formula  V=  ^  VyA,  why  not  merely  write  it  F=  kVh  where 
4  is  a  constant?  No  proof  has  been  given  of  the  incorrectness 
of  the  formula  V=  V2y/<,  or  of  the  correctness  of  the  formula 

In  conclusion,  let  us  ho|)e  that  in  the  near  future  experiments 
will  establish  the  truth  or  error  in  the  formula  which  lies  at  the 
veiy  foundation  of  hydraulics,  and  in  a  way  which  will  be  con- 
clusive. The  writer  expects  to  build  a  Pitot's  tube  and  test  it 
exactly  as  the  tube  described  was  tested,  seeking  new  light  on 
the  subject. 

The  suggestion  of  Mr.  Hall,  that  the  various  writings  on  the 
subject  of  centrifugal  pumps  should  be  collated  and  systematized, 
and  combined  with  a  few  well-conducted  experiments,  is  most 
timely.  Mr.  John  Richards  has  written  me  of  a  centrifugal 
pump  in  Europe,  used  to  raise  water  460  feet  high,  capacity  5,000 
gallons  per  minute.  The  subject  is  growing  in  importance  each 
day,  and  is  receiving  more  and  more  attention.  Combined,  well- 
directed  effort  might  accomplish  much. 
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Ko.  878.* 
HARDNESS,    OR   THE    WORKABILITY   OF  METALS. 

(Member  of  Ihe  Society.) 

A  TEST  of  the  workability  of  a  metal  will  not  distinguish  be-. 
tween  hardnesB,  which  blunts  a  tool,  and  tenacity,  which  makes 
it  difficult  for  a  tool  to  remove  a  portion  of  the  material. 

A  puuch  pressed  into  the  surface  of  a  metal  is  hindered  by 
both  these  properties 

Prof.  Thomas  Turner  constructed  a  machine  which  indicated 
hardness  by  the  scratch  of  a  standard  octahedral  diamond  across 
a  polished  surface.  Gram  weights  were  placed  on  the  dia- 
mond until  a  scratch  could  just  be  seen  as  a  dark  line  on  a 
bright  surface.  The  number  of  grams  was  the  degree  of  hard- 
ness. This  is  the  most  practical  test  for  metals  too  hard  to  be 
cut  with  a  drill,  such  as  chilled  and  white  cast  iron. 

lu  the  Transadions  of  this  Society,  vol.  v.,  p.  140,  Prof.  Thos, 
Egleston  described  a  machine  for  testing  hardness  by  the  use  of 
a  weighted  drill,  which  he  afterwards  abandoned. 

In  1897  Mr,  Chas.  A.  Bauer,  unaware  of  any  former  experi- 
ments along  this  line,  arranged  an  ordinary  drill  press  as  a  test 
of  hardness.  He  used  a  hand-made  flat  ^-inch  drill,  with  160 
pounds  pressure,  with  a  speed  of  250  revolutions  per  minute. 

A  revolution  counter  records  the  number  of  revolutions  of  the 
drill  required  to  penetrate  a  test  bar  exactly  \  inch  after  the 
li])s  are  under  the  surface.  This  apparatus  has  been  in  constant 
use  since  that  date,  and  is  a  practical  success.  Fig.  94  shows 
this  machine. 

I  arranged  with  Mr.  Bauer  to  make  such  machines  for  the 
market,  using  an  autographic  diagram  for  a  record  instead  of 
the  number  of  revolutions. 

When  I  had  constructed  a  machine,   I  found  that  with  an 

•  Presented  at  tlie  New  York  meeting  (December,  1900)  of  the  Aroericsn 
Society  of  MecUanical  Engineers,  and  forming  part  of  Volume  XXII,  o(  the 
TTan$nrtinni. 
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ordinary  drill  press  the  varying  friction  of  the  working  parts 
influenced  the  diagram.     Witli  a  drill  penetrating  the  top  of  a 


test  bar,  the  hot  chips  remaining  in  contact  with  the  drill  drew 
the  temper  of  the  extreme  edf^e.  A  horizontal  machine  devel- 
oped more  detects  than  the  vertical  form. 
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Aiter  repeated  failures,  I  placed  all  of  the  working  patts 
below  the  table,  making  the  drill  enter  the  under  side  of  the 
test  specimen,  and  not  giving  the  drill  any  rertical  motion. 

Fig.  95  shows  this  machiue.  A  table,  with  a  vertical  motion, 
has  the  teat  bar  clamped  on  its  npper  surface  over  a  ^-inch  cen- 
tral openiag,  which  receives  the  point  of  the  drill.  Four  rods 
attached  to  this  table  pass  downward,  and  are  attached  to  an 
irou  weight  near  the  floor.  Loose  weights,  from  i  ponnd  to 
10  pound.?— 50  pounds  in  all — are  added,  making  the  whole  load 
on  the  ilriU  point  150  pounds. 

The  test  specimen  is  weighed,  and  an  equal  amount  of  remov- 
able weight  is  taken  oflF. 

The  downward  movement  of  the  specimen  is  transferred  by 
a  steel  ribbon  to  an  arm  movii^  on  ball  bearings,  the  end  of 
which  carries  a  recording  pencil,  which  multiplies  the  record 
five  times.  To  allow  this  pencil  to  act  directly  on  the  paper, 
a  table  is  provided,  with  a  curvature  equal  to  the  path  of  the 
pencil,  and  which  is  moved  at  right  angles  to  the  mark  made  by 
the  pencil  by  means  of  a  screw  driven  by  a  worm  on  the  drill 
spindle.  100  revolutions  of  the  drill  move  the  paper  1  inch; 
j-inch  penetration  moves  the  pencil  1  inch. 

Scak  of  Hardiwss. — As  the  diagram  will  be  a  diagonal  be- 
tween a  90-degree  line  and  the  base  line  described  by  the  pencil 
before  the  drill  moves  with  an  ordinary  transparent  protractor, 
the  angle  that  the  diagram  makes  with  the  base  line  is  the  degree 
of  hardness.  The  line  at  90  degrees,  the  limit  of  the  machine,  is 
the  hardness  of  any  material  that  the  drill  cannot  penetrate. 

The  speed  of  the  drill  is  200  revelations  per  minute,  to  pre- 
vent heating  under  all  conditions.  A  variation  of  speed  does 
not  materially  vary  the  diagram. 
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Second  teat 

Third  test 

The  specimen  and  its  weight  hang  on  the   point  of  the  drill 
practically  without  friction.     They  move  so  freely  that  it  is 
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necessary  to  apply  a  slight  friction  to  the  ball-bearing  to  pre- 
vent a  vibration  of  the  pencil  point. 

A  P'arialion  of  Load  vronld  materially  influence  the  diagram. 
100  poands  gave  45  degrees  ;  125  pounds,  38.4  degrees,  and  150 
pounds,  32.9  degrees.  A  trip  is  set  to  stop  the  drill  at  any 
desired  depth  of  hole.  The  machine  is  started  by  a  clutch. 
By  a  pinion  and  rack,  which  is  disconnected  while  drilling,  the 
table  with  specimen  is  raised  or  lowered  at  will  by  a  hand 
wheel  at  the  upper  part  of  the  macliiue,  with  friction  applied  to 
its  rim,  which  will  support  the  150-pound  load. 

Dnlls. — I  found  that  a  straight,  fluted  drill  made  a  better 
diagram  than  a  twist  drill,  and  would  wear  better.     The  Clere- 


land  Twist  Drill  Co.  guarantees  to  make  lItIUs  for  this  purpose 
of  uniform  temper  and  shape.  I  grind  the  heel  of  the  drill 
away,  so  as  to  leave  the  lips  Vu  incli  thick  and  the  shape  of  an 
ordinary  fiat  drill. 

The  straightway  drill  gave  26  degrees,  and  the  twist  drill  29 
degrees,  but  probably  the  difference  in  clearance  would  cause 
this.  The  straightway  drill  ground  to  10  degrees  gave  77 
degrees ;  given  a  very  little  clearance,  but  the  heel  still  tonch- 
iDg,  gave  59  ilegrees ;  with  heel  ground  away  like  a  flat  drill 
gave  30  degrees. 

Orindinij. — I  found  that  a  dry  wheel  would  draw  the  temper 
from  the  extreme  cutting  edge,  and  that  the  ordinary  grinders 
would  not  make  each  lip  cut  alike.  I  therefore  made  the  very 
simple  wet  grinder  shown  in  Fig.  96. 

The  angles  of  the  drill  are  those  recommended  by  the  drill- 
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makers,  and  in  using  the  machine  all  drills  are  to  be  ground  on 
this  grinder. 

The  grinding  does  not,  however,  make  very  much  difference. 
Drill  sharpened  by  grinder,  all  angles  exactly  alike,  and  both 
lips  taking  the  same  chip,  gave  30  degrees ;  drill  sharpened  by 
hand,  31  degrees,  and  ground  so  that  only  one  lip  cut,  gave 
30.8  degrees. 

Entering  the  Drill, — If  the  drill  is  started  on  a  flat  surface  it 
enters  more  rapidly  at  first,  making  the  first  part  of  the  diagram 
a  curve,  showing  the  hardness  of  the  skin  of  the  casting,  or  else 
the  influence  of  the  scale  on  the  lips  of  the  drill.  The  test  bar 
may  be  pickled  to  remove  the  scale,  but  in  any  case  the  cutting 
edges  will  be  blunted  by  the  grit  in  the  surface.  Entering 
through  the  ordinary  sand  scale  of  a  1-inch  square  cast-iron 
test  bar,  the  drill  gave  a  diagram  clear  through  the  bar  of  39 
degrees  ;  but  the  same  drill  resharpened,  and  in  a  hole  alongside 
with  the  scale  ground  off",  gave  32.5  degrees. 

I,  therefore,  countersink  with  a  ^-inch  drill  until  the  lips  are 
nearly  into  the  surface.  Entering,  the  test  drill  in  this  counter- 
sink begins  with  a  full  cut,  and  shows  the  hardness  of  the  metal 
uninfluenced  by  local  and  varying  conditions.  (I  use  the  term 
"  hardness  "  when  I  mean  workability  of  the  metal,  or  abrasive 
resistance.) 

For  experimental  work,  as  for  this  paper,  the  drill  is  ground 
after  drilling  each  hole ;  but  if  the  surface  is  first  removed,  for 
shop  use  this  is  not  necessary.  The  following  records  were 
made  by  drilling  holes  in  the  same  bar  in  succession  \  inch 
deep  without  resharpening ;  the  surface  was  ground  clean  :  25.6, 

25.5,  25.8,  26.5,  25,  25,  26.8,  26,  27,  27.5,  26.9,  27,  27,  27.2,  27, 
26.3,  26.8,  25.6,  27,  25.5  degrees,  the  last  being  the  same  as  the 
first. 

The  same  bar,  with  the  drill  sharpened  after  each  hole,  gave 

27.6,  26.5,  26.2,  25.5,  26.2,  26.5  degrees. 

In  another  bar  of  another  iron,  sharpening  each  time,  holes 
near  together,  gave  28.5,  28.2,  30.8  degrees. 

Spongy  spots  in  castings,  though  called  sand  holes,  usually 
do  not  contain  grit,  and  do  not  injure  the  drill ;  as  soon  as  sound 
metal  is  again  reached  the  original  diagram  is  resumed. 

Fig.  97  shows  such  a  diagram  from  a  bar  ^  inch  square,  and 
another  diagram  from  a  hole  alongside,  where  the  metal  was  all 
sound.     The  first  diagram  is  from  a  bar  containing  hard  spots 
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and  soft  spots.  The  drill  strikes  a  hard  spot  that  it  cannot  cut, 
even  after  regrinding. 

When  the  metal  is  nearly  too  hard  to  cut,  the  edge  becomes 
dulled.  In  a  sample  of  almost  white  iron  the  drill  penetrated 
^  inch  at  61  degrees,  then  90  degrees,  resharpened  and  in  the 
same  hole  ^  inch  at  61.5  degrees,  then  90  degrees,  sharpened 
again,  ^^  inch  at  82  degrees,  then  90  degrees,  again  sharpened, 
I  inch  at  62.8  degrees,  then  90  degrees. 

In  a  test  bar  of  series  1,  Iroquois,  ^  inch  square  (the  first 


960  R«T. 


Drill  sharpened, 
would  not  cut. 
Bole  K'deep. 


Ke«p 


2>i=>4  deep  hole. 


Fig.  97. 


diagram  in  Fig.  97  is  another  hole  in  this  bar),  near  the  ends 
there  were  no  hard  spots,  but  near  the  centre  the  fracture  was 
full  of  white  spots.  The  drill  entered  58.5  degrees ;  at  -^  inch 
deep  struck  a  hard  spot,  about  ^  inch  thick,  84  degrees ;  then 
for  i  inch  soft,  49.1  degrees ;  then  hard,  65  degrees. 

Another  hole  alongside,  j\  inch  deep,  at  51  degrees,  then  90 
degrees,  resharpened  and  in  same  hole  63  degrees,  then  74 
degrees,  then  82  degrees,  then  a  soft  spot,  64  degrees ;  then 
75.2  degrees,  then  90  degrees,  resharpened  and  90  degrees, 
would  not  penetrate  farther,  and  hole  only  f  inch  deep.  A  soft 
metal,  on  account  of  its  toughness,  will  sometimes  give  a  larger 
record  than  a  harder  metal.    A  test  bar  from  tea-chest  lead  gave 
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4  degrees,  because  the  metal  was  simply  crowded  into  the  flates 
of  the  drill,  but  block  tin  gave  clean  chips  and  was  1.1  degrees 
with  loO  pounds  on  the  drill,  and  2  degrees  with  100  pounds. 
An  alloy  of  90  parts  aluminum  and  10  parts  tin  gave  10.6 
degrees  with  150  pounds,  and  16  degrees  with  100  pounds.  A 
test  bar  of  soft  copper  gave  47  degrees,  while  a  bronze,  with  90 
per  cent  copper  and  10  per  cent  aluminum,  gave  21  degrees,  and 
a  bronze,  with  9  per  cent  aluminum,  gave  23.8  degrees,  though  it 
was  softer  than  the  10  per  cent  metal.  The  copper  was  soft  but 
tough.  A  bar  of  Jessups  steel  gave  nearly  the  same  diagram 
as  purchased  and  after  annealing  in  lime. 

A  rolled  bar  of  puddled  iron  gave  63  degrees ;  a  cast  bar  of 
Bessemer  steel  (with  no  manganese),  73  degrees;  a  bar  from 
grain  nickel,  77  degrees. 

Three  sets  of  ^-inch  square  test  bars  were  made  at  three 
diflferent  times — one  bar  in  dry  sand  moulds  ;  one  bar  in  sand  as 
ordinarily  moistened  for  green-sand  moulding,  and  the  third 
bar  in  sand  so  wet  that  water  would  run  out 

TABLE   II. 

Firet  Set.  Second  Set.  Third  Set. 

Dry  sand 25  degrees.  28  degrees.  29.5  degrees. 

Ordinary  sand 26      "  30       **  29 

Very  wet  sand 29      **  29       "  38 


Drillings  for  Chemical  Analysis. — This  machine  is  especially 
made  for  this  purpose.  A  tray  slides  under  the  table,  and  the 
drill  passes  through  a  revolving  disk  between  the  tray  and 
the  under  side  of  the  table,  having  a  rubber  packing  around  the 
drill.  Around  the  hole  on  the  upper  surface  of  the  table 
is  a  gutter  to  catch  any  dirt  or  sand,  and  the  raised  edge 
around  the  hole  makes  a  close  joint  with  the  test  bar,  the  under 
surface  of  which  is  free  from  sand  on  account  of  the  counter 
sink. 

The  disk  revolving  with  the  drill  catches  all  the  drillings  and 
throws  them  to  the  sides  of  the  tray,  mixing  them  thoroughly, 
and  all  particles  of  dust  are  saved.  The  tray  fits  dust  tight 
under  the  table.  When  these  drilUngs  are  placed  in  a  marked 
envelope  they  are  free  from  all  outside  matter  and  should  be 
used  as  a  whole  and  no  parts  selected  with  a  magnet.  Chemical 
analysis  would  interpret  the  hardness  diagrams.    Everything 


OB  THE  WOBKABILITY  OF  KITAIfi.  801 

about  the  raaohine  beixig  practicaUy  inTariable,  except  the  hard- 
nesB  of  tha  teat  piece,  the  size  of  the  dnlliiigs  will  Tarj  with  the 
hRrdness,  and  thereCoTe  there  will  be  a  stfuidard  of  uniformitj 
that  is  most  deairable.  For  laboratories  not  having  power  the 
Tinmhina  is  driTcn  by  hand. 

Sardnesa  and  Chemical  Composition. — According  to  general 
opinion  all  of  the  chemical  elements  found  in  cast  iron  harden 
it.  Carbon  and  manganese  certainly  do.  Salphnr  causes  the 
carbon  to  be  combined  and  thus  hardens.  Phosphoms  does  not 
ioflnence  carbon,  bat  hardens.  Silicon  hardens  cast  iron,  but  it 
causes  carbon  to  change  from  the  combined  state  into  graphite 
and  thus  becomes  a  softener.  A  white  iron  that  cannot  be  cut, 
by  an  addition  of  silicon  becomes  mottled  or  gray  and  can  be 
cut  Hard  iron  softened  by  changing  combined  carbon,  be- 
comes tough  as  it  becomes  soft,  and  in  a  test  of  workability  this 
modifies  the  record  which  otherwise  might  show  the  influence 
of  chemical  composition. 

Tables  UL  and  IV.  show  the  record  of  shrinkage,  and  the 
record  of  hardness  of  each  size  of  test  bar  made  in  1894  for  the 
Society's  committee  on  methods  of  testing. 

The  sizes  were  i  inch  square,  1  inch  square,  2  inches  x  1  inch, 
2  inches  square,  3  inches  square,  and  4  inches  square.  There 
■were  nineteen  series  of  these  bars.  It  was  intended  to  vary  the 
silicon  in  series  1  to  6  and  7  to  12  to  give  1.00  per  cent.,  1.50  per 
cent.,  2.00  per  cent.,  2.50  per  cent,  3.00  per  cent  and  3,50  per 
cent.  The  other  seven  series  were  from  various  foundries  and 
their  ordinary  mixtures.  The  holes  for  hardness  were  made 
alongside  those  from  which  drilling^  for  analysis  were  originally 
taken.  Gray  cast  iron  suitable  for  machinery  castings  is  usually 
uniform  in  hardness  throughout  a  test  bar.  The  20  holes  drilled 
an  inch  apart  along  a  test  bar  24  inches  long  and  1  inch  square 
varied  only  2  points  in  2"  degrees. 

In  one  bar  from  Bement,  Miles  &  Co.'s  heavy  machinery  iron, 
2  inches  x  1  inch,  three  holes  one  inch  apart  were  32.2,  33.2, 
3^.3  degrees,  but  in  a  bar  from  series  17,  3  inches  square,  one 
hole  gave  44  degrees,  and  I^  inches  distant  the  drill  would 
not  cut  at  all.  I  have  already  shown  that  near  the  ends  of  a 
i-inch  square  bar  of  series  1,  the  iron  was  soft,  and  near  the  centre 
the  bar  was  fnll  of  hard  spots.  A  hardness  diagram  shows 
exactly  the  character  of  the  metal  taken  from  the  hole.  In  one 
i-inch  square  bar  a  spiral  hard  spot  was  encountered  which  did 
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not  make  an  irregular  diagram,  but  could  be  seen  on  the  walls 
of  the  hole. 

Each  of  these  test  bars  was  analyzed  in  triplicate  in  1894 
by  Messrs.  Dickman  and  Mackenzie,  1224  Bookery  Building, 
Chicago,  III.  The  records  are  in  Transactions^  1895,  beginning 
on  page  1099. 

TABLE  III. 

HaBDNEBS — NiNETREN  SERIES,  A.  S.   M.  E.   TeSTS. 


Kind  of  Iron. 


'*  Iroquois,"    with 
silicon  added  by^ 
"Pencosfferro- 
silicon 


"Hinkle''     and 
"Pencost" 


Michigan  Stove  Co.  ^ 


Car- wheel  iron 

Light  machinery 

Heavy  machinery 

Air  furnace  for  mal- ) 
leable  iron i" 


Calcalatcd 

No.  of 

k  in.  sq. 

1  in.  80. 

2  in.  X 
1  in.x 
24  in. 

2  in.  8q. 

8  in.  sq. 

Silicon. 

:  Series. 

X  12  in. 

X  24  in. 

x24in. 

X  24  in. 

1.00 

1 

58° 

41° 

34° 

28° 

28° 

1.50 

2 

84° 

80° 

37° 

82° 

28° 

2.00 

8 

83° 

31° 

82° 

27° 

27° 

2.50 

4 

36° 

82° 

89° 

80° 

20° 

8.00 

5 

31° 

29° 

26° 

27° 

24° 

8.50 

6 

38° 

38° 

82° 

21° 

30° 

1.00 

7 

62° 

28° 

80° 

26° 

80° 

1.50 

8 

29° 

32° 

80° 

88° 

24° 

2.00 

9 

30° 

28° 

81° 

82° 

28° 

2.50 

10 

81° 

81° 

28° 

80° 

80° 

3.00 

11 

32° 

27° 

22° 

19° 

22° 

8.50 

12 

24° 

19° 

24° 

19° 

23° 

Aetna! 

Average. 
2.^ 

14 

85° 

28° 

25° 

28° 

24° 

3.18 

18 

34° 

23° 

25° 

19° 

27° 

3.50 

15 

29° 

26° 

25° 

28° 

28° 

0.77 

19 

90° 

41° 

87° 

86° 

82° 

1.76 

16 

88° 

87° 

34° 

88° 

24° 

2.06 

18 

45° 

33° 

82° 

81° 

28° 

0.89 

17 

90° 

90° 

90° 

90° 

44° 

4  in.  sq. 
X  24  in. 


27° 
28°^ 
20° 
25° 
82^ 
28^ 

26° 
27° 
30«^ 
88^ 
22° 
21^ 

88^ 
87° 
88*^ 

80°^ 

27«^ 
28° 

89° 


TABLE  IV. 
Hardness— Series  D  and  E,  A.  F.  A.  Tests. 


If  in.sq.'2in.  sq.:2iin.sq.  3in.  sq.lsf  In.sq.  4in.  sq. 
X  1:2  in.  x  12  in.  x  12in.'x  l^in.jx  12  in.  x  12  in. 


Series. 


Kind  of  Mould.!  V?2i2! 


1  in.  sq. 
X  12  in. 


Green  sand. 
Dry  sand . . . 

Green  sand. 
Dry  sand. .. 


90° 
90° 

90° 
90° 


90° 
90° 

90^ 
90° 


I 


90° 
90° 

90°  ' 
90°  ' 


39° 
89° 

61° 
55° 


85° 
88° 

88° 
86° 


X  12  in. 

X  12  in. 

88° 

80° 

87° 

86° 

88° 

86° 

40° 

87° 

83° 
86*» 

88«^ 
81° 
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TABLE  V. 
Shbinkaob— NiNETEEK  Sebieb,  A.  S.  M.  E.  Tests. 


Kind  of  Iron. 


^*  Iroquois,"  with  sil- 
icon   added     by-* 
"Pencost" 


-"Hinkle"  and  "Pen- 
cost" 


Michigan  Stove  Co. . 


Car- wheel  iron 

Light  machinery 

Heavy  machinery 

Air  furnace  for  mal-) 
leable  iron ) 


Aver. 
Per  c't, 
Silicon. 

No.  of 
Series. 

^  in.  sq. 

1  in.  sq. 

2in.x 
lin. 

2  in.  sq. 

S  in.  sq. 

0.80 

1 

.183 

.160 

.148 

.131 

.116 

1.21 

2 

.172 

.150 

.138 

.125 

.110 

1.88 

8 

.166 

.145 

.180 

.109 

.069 

2.01 

4 

.162 

.148 

.128 

.099 

.066 

8.19 

5 

.157 

.105 

.094 

.075 

.067 

8.04 

6 

.161 

.130 

.086 

.077 

.085 

.98 

7 

.176 

.149 

.144 

.139 

.115 

1.17 

8 

.160 

.145 

.126 

.122 

.093 

1.67 

9 

.156 

.141 

.184 

.128 

.083 

2.23 

10 

.154 

.124 

.092 

.094 

.075 

2.71 

11 

.157 

.102 

.090 

.062 

.053 

3.60 

12 

.144 

.098 

.092 

.068 

.048 

2.82 

14 

.148 

.098 

.083 

.072 

.068 

3.18 

13 

.130 

.095 

.091 

.079 

.072 

3.50 

15 

.123 

.094 

.096 

.091 

.078 

0.77 

19 

.238 

.153 

.142 

.144 

.126 

1.76 

16 

.171 

.151 

.143 

.129 

.100 

2.06 

18 

.161 

.189 

.120 

.091 

.067 

0.89 

17 

.248 

.247 

.221 

.201 

.157 

4  in.  sq. 


.102 
.106 
.089 
.128 
.057 
.088 

.072 
.092 
.036 
.067 
.028 
.028 

.085 
.052 
.082 

.115 
.069 
.042 

.144 


TABLE  VL 
Shrinkage— Series  D  and  E,  A.  F.  A.  Tests. 


Series. 

Shrinkage, 
Dry  Sand  Bar?. 

i  in.  sq. 

1  in.  sq. 

Uin.sq. 

2  in.  sq. 

2^in.sq. 

3  in.  sq.  Sjin.sq. 

4  in.  sq. 

• 

D 

Av.  silicon,  .085) 

Dry  sand  . \ 

Av.  silicon,  .072  ] 
Dry  sand ^ 

.280 
.230 

.270 
.180 

.220 
.170 

.160 
.160 

.140 
.150 

.140 
.140 

.130 
.130 

.110 
.110 

Table  IV.  gives  the  hardness  of  Series  D  and  E,  chill  roll  iron 
and  sand  roll  iron,  made  for  the  Testing  Committee  of  the 
American  Foundrymen's  Association,  of  which  Dr.  Eichard  G. 
G.  Moldenke  is  chairman. 

Tables  V.  and  VI.  give  the  shrinkage  of  the  same  test  bars, 
which  indicates  the  influence  of  silicon  in  each  of  the  bars  in 
presence  of  the  influence  exerted  by  each  of  the  other  chemical 
elements  in  the  iron,  and  the  influence  of  slower  cooling  as  the 
test  bars  increase  in  size. 
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Series  17  and  Series  D  are  very  similar,  both  being  from  iron 
refined  in  an  air  famace.  Irons  h%h  in  combined  carbon  are 
liable  to  have  soft  and  hard  spots  near  together,  and  in  theM 
and  such  series,  as  19,  1,  and  7,  the  analysis  of  drillings  taken 
from  a  single  hole  may  not  represent  the  average  metaL 

Therefore,  as  the  hole  for  hardness  is  not  the  same  hole  for 
analysis,  some  allowance  should  be  made  for  variation  in  com- 
position. The  variation  in  shrinkage,  which  is  a  mechanical 
analysis  of  the  influence  of  all  elements  and  conditions,  shows 
that  outside  of  chemical  composition  unknown  conditions  in- 
fluence the  physical  quality  of  cast  iron.  The  same,  or  other 
conditions,  may  influence  hardness. 

Hardness  seems  to  follow  combined  carbon  very  closely,  but 
seems  to  be  modified  by  other  elements  or  conditions.  And  it 
is  a  question  whether  toughness  does  not  increase  the  records 
from  the  gray  bars.  This  sensitive  machine  makes  it  possible 
to  study  the  workability  of  metals  in  relation  to  chemical  com' 
position. 

Before  closing  I  will  give  a  few  more  examples. 

TABLE  Vn. 
Ihfluence  of  Arnealino  Ordixart  Grat  Cast  Ibor. 


Shrink- 
»g«- 

c„,,. 

BtrenglB. 

i 

e 

M 

■  S: 

An*ly»lt  b;  Dlckmio  and 

d 

-i     f 

1 

1 

i- 

f 

i 

8 

^ 

m 

s. 

m 

S 

Xo.  1  bar  not  anueslo: 

Ko.  2  bar  before  an-'. 
SrS^'hS? 'before  in-;. 

^ 

.iw;  -14 

411 

S:'-,S." 
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The  bars  were  packed  in  wood  shavings  in  an  iron  box  heated 
to  a  white  heat  in  1 2  hours,  and  allowed  to  cool  for  24  hours.    Be- 
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dacing  combined  carbon  to  four-fifths  has  reduced  hardness  one- 
half.  I  took  a  pig  of  "Iroquois,"  and  in  a  crucible  furnace  added 
silicon  by  the  same  "  Pencost,"  as  in  Series  1  to  6  (which  were 
melted  in  a  cupola).  The  results  were  :  1.00  per  cent  silicon,  30 
degrees ;  1.50  silicon,  32  degrees ;  2.00,  34  degrees ;  2.50  silicon, 
36  degrees;  3.00  silicon,  33  degrees;  3.50  silicon,  24  degrees. 
Adding  to  same  "  Iroquois  "  phosphide  of  iron,  1.00  P.,  35  de- 
grees ;  adding  86  per  cent,  ferromanganese,  1.00  Mn.,  34  degrees. 

This  shows  that  the  hardness  of  the  ferrosilicon,  or  ferro- 
manganese, or  phosphide,  is  added  to  the  iron,  and  not  neces- 
sarily that  the  silicon,  phosphorus,  and  manganese  in  this  case 
produced  the  hardness.  The  11.00  per  cent,  ferrosilicon  (Pen- 
cost)  was  very  deficient  in  carbon.  The  10  per  cent,  phos- 
phide of  iron  contained  no  carbon,  and  therefore  reduced  TO 
still  more,  while  the  86  per  cent.  Fe.Mn.  contained  6.00  per 
cent  carbon. 

Table  VIII.  is  a  record  of  test  bars  ^-inch  square  by  12  inches 
long,  made  in  a  crucible  from  pigs  of  iron  which  contained  the 
holes  from  which  the  drillings  for  analysis  were  taken.  The 
chemical  composition  would  be  changed  by  remelting  in  a  cruci- 
ble and  cooling  in  a  green  sand  mould  of  test  bars  ^-inch  square. 


TABLE   VIII. 


Ensley  pray  forge 368 

Suminerlee,  No.  1,  f'dv. .  377 

TuMuirawafi,  No.  2,  fay..  418 
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X 


00 

C 


OS 


o 


a 
o 


■Si 

ft) 

a 

33 

a 

as 


.20 

.ia5 

.25 

.48 

3.14 

2.21 

.9;s 

2.62 

.88 

.17 

•165 

.(r) 

.:« 

3.38 

2.92 

.46 

2.00 

1.27 

.24 

.154 

.30 

.:« 

3.62 

3.18 

.44 

l.Wi 

.70 

.19 

.165 

.80 

.37 

3.r>5 

3.50 

.15 

1.76 

.85 

.25 

.159 

.45 

.37 

3.45 

2.90 

.55 

1.54 

.83 

.15 

.156 

.50 

.58 

3.;m 

3.12 

.21 

4.70 

1.54 

.16 
1.67 
.8() 
.48 
.23 
.96 


These  results,  taken  as  a  whole,  and  especially  those  of  increas- 
ing silicon  by  crucible  heats,  suggest  that  each  car  of  pig  iron 
should  be  tested  for  hardness.  A  mixture  can  then  be  made 
which  will  give  soft  castings.  Tliey  seem  to  indicate  that  a  car 
of  iron  may  have  what  would  be  considered  an  ideal  chemical 
composition,  but  that  a  hardness  has  been  imparted  to  it  during 
manufacture  which  is  imparted  to  the  casting. 

Special  care  needs  to  be  taken  to  procure  silicon  carriers 
which  shall  be  soft  in  the  pig. 

20 
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Series  17  and  Series  D  are  very  similar,  both  being  from  iron 
refined  in  an  air  furnace.  Irons  high  in  combined  carbon  are 
liable  to  have  soft  and  hard  spots  near  together,  and  in  these 
and  such  series,  as  19,  1,  and  7,  the  analysis  of  drillings  taken 
from  a  single  hole  ma;  not  represent  the  average  metah 

Therefore,  as  the  hole  for  hardness  is  not  the  same  hole  for 
analysis,  some  allowance  should  he  made  for  variation  in  com- 
position. The  variation  iu  shrinkage,  which  is  a  mechanical 
analysis  of  the  iuSueuce  of  all  elements  and  conditions,  shows 
that  outside  of  chemical  composition  unknown  conditions  in- 
fiueuee  the  physical  quality  of  cast  iron.  The  same,  or  other 
conditions,  may  infineiice  hardness. 

Hardness  seems  to  follow  combined  carbon  very  closely,  bnt 
seems  to  be  modified  by  other  elements  or  conditions.  And  it 
is  a  question  whether  toughness  does  not  increase  the  records 
from  the  gray  bars.  This  sensitive  machine  makes  it  possible 
to  study  the  workability  of  metals  in  relation  to  chemical  com- 
position. 

Before  closing  I  will  give  a  few  more  examples. 

TABLE  VII. 
Influence  ov  Annealikr  Ordixart  Grat  Cabt  Ikon. 
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The  bars  were  packed  in  wood  shavings  in  an  iron  box  heated 
to  a  white  heat  in  1 2  hours,  and  allowed  to  cool  for  24  hours.    Be- 
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ducing  combined  carbon  to  four-fifths  has  reduced  hardness  one- 
half.  I  took  a  pig  of  "  Iroquois,"  and  in  a  crucible  furnace  added 
silicon  by  the  same  "  Pencost,"  as  in  Series  1  to  6  (which  were 
melted  in  a  cupola).  The  results  were  :  1.00  per  cent  silicon,  30 
degrees ;  1.50  silicon,  32  degrees ;  2.00,  34  degrees ;  2.50  silicon, 
36  degrees ;  3.00  silicon,  33  degrees ;  3.50  silicon,  24  degrees. 
Adding  to  same  "  Iroquois  "  phosphide  of  iron,  1.00  P.,  35  de- 
grees ;  adding  86  per  cent,  ferromanganese,  1.00  Mn.,  34  degrees. 

This  shows  that  the  hardness  of  the  ferrosilicon,  or  ferro- 
manganese, or  phosphide,  is  added  to  the  iron,  and  not  neces- 
sarily that  the  silicon,  phosphorus,  and  manganese  in  this  case 
produced  the  hardness.  The  11.00  per  cent,  ferrosilicon  (Pen- 
cost)  was  very  deficient  in  carbon.  The  10  per  cent,  phos- 
phide of  iron  contained  no  carbon,  and  therefore  reduced  TC 
still  more,  while  the  86  per  cent.  Fe.Mn.  contained  6.00  per 
cent  carbon. 

Table  VJJLl.  is  a  record  of  test  bars  J-inch  square  by  12  inches 
long,  made  in  a  crucible  from  pigs  of  iron  which  contained  the 
holes  from  which  the  drillings  for  analysis  were  taken.  The 
chemical  composition  would  be  changed  by  remelting  in  a  cruci- 
ble and  cooling  in  a  green  sand  mould  of  test  bars  i-inch  square. 

TABLE  VIII. 
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These  results,  taken  as  a  whole,  and  especially  those  of  increas- 
ing silicon  by  crucible  heats,  suggest  that  each  car  of  pig  iron 
should  be  tested  for  hardness.  A  mixture  can  then  be  made 
which  will  give  soft  castings.  Tliey  seem  to  indicate  that  a  car 
of  iron  may  have  what  would  be  considered  an  ideal  chemical 
composition,  but  that  a  hardness  has  been  imparted  to  it  during 
manufacture  which  is  imparted  to  the  casting. 

Special  care  needs  to  be  taken  to  procure  silicon  carriers 
which  shall  be  soft  in  the  pig. 
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It  is  a  question  whether  the  close  and  sometimes  uneven 
grain  which  much  of  the  pig  iron  sold  on  analysis  shows  will 
not  prove  to  be  hard  iron. 

As  a  test  of  pig  iron  can  be  made  in  fifteen  minutes  before  a 
car  is  unloaded,  without  any  test  bars,  perhaps  pig  iron  may  be 
sold  on  a  guaranteed  hardness. 

A  broad  field  for  inquiry  is  presented. 

DISCUSSION. 

2£)\  John  L,  Bacon. — Mr .  Keep  makes  a  test  on  a  sample  by 
boring  tlirough,  or  partly  through  it.  This  does  not  seem  to  be  a 
fair  test  for  the  actual  workability  of  the  metal,  for  this  reason : 
a  casting  is  made  up,  we  might  say,  of  three  layers — first,  the 
hard  outside  scale ;  next,  a  coating  or  layer  of  metal  softer  than 
the  scale,  but  denser  and  harder  than  the  inside,  or  soft  centre ; 
this  soft  centre  being  the  third  layer. 

When  a  casting  is  being  mcbchined^  it  is  the  first  two  layers  that 
are  ordinarily  worked,  not  the  inside  softer  part,  which  gives  the 
"  angle  line  "  in  Mr.  Keep's  diagrams. 

Now,  after  removing  the  scale,  the  work  of  machining  is  done 
on  the  second  dense  layer  of  material,  and  for  machining  qualities 
it  is  this  part  that  should  be  tested.  It  seems  practically  impos- 
sible to  do  this  by  drilling  through  a  piece;  as  the  metal  to  be 
tested  lies  within,  say,  |^-inch  of  the  surface,  and  the  point  of  a 
J-inch  drill  will  have  penetrated  through  the  J-incli  of  metal  by 
the  time  the  lips  of  the  drill  are  cutting,  the  hole  must  be  continued 
still  deeper  before  a  line  is  drawn  long  enough  to  obtain  the 
required  angle.  Xow,  when  this  angle  is  obtained,  it  is  the  angle 
indicating  the  hardness  of  the  softer  central  part  of  the  casting, 
and  not  the  hardness  of  the  harder  metal  close  to  the  surface, 
which  latter  is  the  metal  removed  in  machining. 

Since  receiving  a  copy  of  Mr.  Keep's  paper,  I  constructed  the 
apparatus  shown  in  Fig.  98,  in  order  to  follow  out  his  tests.  The 
rear  cap  on  the  tail  stock  of  one  of  the  engine  lathes  in  the 
machine  shop  at  Lewis  Institute  was  removed,  leiiving  the  spindle 
projecting  as  shown.  The  other  end  of  the  spindle  carried  a 
small  chuck  holding  a  drill  such  as  described  by  Mr.  Keep  in 
his  tests.  The  drill  in  this  case  was  f-incli  diameter.  The  piece  to 
be  tested  was  bolted  on  the  face  plate  as  shown. 

A  bar  of  wood  about  2 J-inches  square  was  placed  behind  the  pro- 
jecting end  of  the  spindle ;  attached  to  the  ends  of  this  bar  were 
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Stout  sash  cords  which  wore  brought  past  the  head  stock  and  then 
joined-  A  spreatter  was  insertetl  between  the  cords  so  that  thej 
touched  no  part  of  the  machine. 

Where  the  cords  were  brouglit  together,  a  spring  balance  was 
booked  on.  Attached  to  the  other  end  of  this  balance  was  a  coi'd 
leading  down  over  a  pulley ;  to  the  end  of  this  cord  weights  were 
fasteneil,  until  the  desired  pull  was  registered  on  the  dynamometer. 
The  friction  of  the  spindle  was  practically  nothing,  so  that  the 
pressure  on  the  drill  cuuld  he  read  directly  at  any  time. 


The  recording  mechanism  I  think  explains  itself.  The  motion 
of  the  drill  was  multiplied  five  times.  The  board  A  carrying 
the  card  was  moved  across  the  latter  by  means  of  a  positively 
geared  cross  feed,  at  the  rate  of  1  inch  per  hundred  revolutions  of 
tlie  latter  spindle.  C  was  fastened  to  .5  by  a  screw,  as  shown, 
and  B  was  clamped  to  the  lathe  apron. 

The  results  obtjiined  were  practically  the  same  as  Mr.  Keep's, 
although  the  )>ressurc  was  only  80  pounds,  and  the  angles  were 
much  greater  in  consequence. 

To  carry  out  the  original  argumenf,  that  it  is  the  outside  of  the 
casting  which  is  maobined.  and  therefore  the  part  to  be  tested,  the 
drill  on  entering  the  casting  draws  a  curve  whose  angle  of  direction 
sttirts  at  0  degrees  and  gradually  increases,  but  increases  beyo?id  the 
angle  made  by  the  drill  when  it  has  penetrated  |-inch  or  .so  under 
the  surface.     This  is  sbown  in  Fig.  99  where  the  dotted  line  AB 
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shows  that  the  "  angle  of  penetration  "  of  the  drill  was  influenced 
by  the  denser  layer  of  metal  through  which  part  of  the  edge  of 
the  drill  Avas  cutting  at  that  time. 

Mr.  Keep  does  not  mention  the  work  done  along  this  line  by 
Professor  Chamberlain,  who  at  the  meeting  a  year  ago  described 
his  "  Dynamograph."  In  this  machine  it  is  the  part  of  the  cast- 
ing near  the  surface  which  is  tested. 

Practically  the  same  operations  are  performed  in  testing  as  in 
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Fig.  99. 


actually  machining  a  casting.  The  outside  of  a  test  piece  is  turned 
off  in  a  specially  constructed  lathe,  which  makes  an  autographic 
diagram  of  the  power  required  to  make  the  cut.  One  cut  is  taken 
which  cuts  through  the  scale,  and  reduces  the  piece  to  a  certain 
size,  when  a  second  cut  is  made.  These  cuts  remove  about  the 
same  depth  of  metal  that  would  be  machined  off  a  casting  in 
finishing. 

Mr,  Thomas  D,  West. — The  closing  of  Mr.  Keep's  paper  on 
'*  Hardness  of  Metals  "  would  lead  some  to  believe  that  a  hardness 
test  of  pig  iron  can  be  used  to  define  what  grades  of  castings  pig 
iron  will  produce.  If  Mr.  Keep's  proposition  were  practical,  the 
analyzing  of  pig  iron,  now  practised  by  nearly  one-half  of  our  foun- 
dries, would  never  have  been  inaugurated.     For  over  a  century, 
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founders  liave  been  guided  by  the  fracture  of  [tig  iron,  which  is 
generaily  no  more  or  less  than  beingguidetl  by  hardness.  There  are 
two  ways  of  producing  degrees  of  hai-dness  in  pig  iron  or  cast- 
ings. One  is  by  varying  the  percentages  of  silicon,  sulphur,  man- 
ganese, and  phosphorus  in  iron;  the  other,  by  varying  the  rate 
of  solidification  and  cooling  to  a  cold  state.  Alterations  in  any 
of  these  can  cause  the  carbon  to  take  combined  or  graphic  forms. 
The  more  combined  the  carbon  the  hai-der  the  iron,  and  tlie  more 
graphite  the  softer  it  is.  To  demonstrate  the  impracticability  of 
hardness   tests  for   pig   iron   as   it  is   now  manufactured,  I  am 


sending  two  samples,  Nas.  1  and  2,  which,  if  leste»l  for  hai-dnesa 
would  be  found  to  be  so  different  that  anyone  being  guided  by 
hardness  tests  would  say  that  No.  1  would  make  a  very  soft  cast- 
ing, while  No,  3  would  make  a  hard  one  ;  when,  in  fact,  each  will 
give  like  softness  in  castings  of  like  thickness  and  treatment  in 
cooling.  It  does  not  require  a  delicately  arranged  device  to  dis- 
cover the  difi'erence  in  the  hardness  of  these  samples,  as  anyone 
who  will  drill  thera  with  a  common  drill  will  find  one  sample  a 
great  deal  harder  than  the  other.  In  drilling  these  samples  with 
a  drill  press  running  at  a  uniform  speed  or  pressure,  it  took  eight 
minutes  to  drill  No.  1,  and  twenty-two  minutes  lo  drill  No.  2,  a 
ilifTfreDce  of  fourteen  minutes.     A  ^-inch  iwist  drill  was  used, 
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and  the  method  of  drilling  will  be  seen  by  the  half  holes  seen  on 
the  back  of  the  specimens,  or  seen  in  No.  3  of  Fig.  100.  The  dif- 
^  ference  in  the  hardness  of  these  samples,  it  is  to  remembered,  is 
found  in  samples  of  like  analysis  coming  from  the  same  tap,  and 
cast  in  sand  moulds.  That  No.  1  and  No.  2  are  of  the  same  cast 
and  analysis  can  be  verified  by  any  who  will  take  drillings  of  the 
samples  and  analyze  them;  excepting  the  state  of  the  carbon, 
they  will  be  found  practically  alike.  Then,  again,  if  any  desire 
to  test  the  hardness  by  drilling,  he  can  take  the  samples  on 
exhibition,  or  I  could  send  them  others. 

All  those  who,  like  the  writer,  are  placed  in  a  position  to  observe 
almost  daily  the  workings  of  different  furnaces,  should  they  desire, 
know  that  there  is  no  furnaceman  living  who  can  now  guarantee 
a  furnace  never  to  vary  in  its  workings.  As  long  as  this  cannot 
be  achieved,  we  may  expect  that  the  hardness  of  pig  iron  will 
always  vary,  and  may  not  be  in  accordance  with  the  grade  results 
that  a  chemical  analysis  w^ould  show,  thus  proving  the  test  for 
hardness  impractical,  as  fully  demonstrated  by  such  samples  as 
Nos.  1  and  2. 

Prof.  W.  T.  Mdgruder. — As  a  test  of  workability  of  metals, 
the  Bauer  method,  as  modified  by  Mr.  Keep,  promises  to  satisfy 
the  requirements  of  the  average  commercial  shop  or  foundry, 
when  the  various  details  have  been  completely  worked  out  experi- 
mentally. To  do  this,  friction  must  be  reduced  to  a  minimum 
which  should  be  constant,  and  the  sliding  parts  should  be  effec- 
tively protected  from  chips  and  dust  from  the  drill.  Not  only 
must  the  drills  be  of  uniform  size  and  shape  and  temper,  but  they 
must  be  ground  exactly  alike  and  kept  so,  as  otherwise  we  may 
expect  angles  of  77,  59,  30  and  25  degrees  with  a  straight  drill  (as 
given  on  page  5  in  fourth  paragraph).  While  comparisons  may 
be  obtained  of  the  drillability  of  different  metals  with  uniform 
pressure  and  at  uniform  speeds,  and  using  one  drill,  the  question 
arises  whether  this  is  a  fair  test.  Is  not  the  feeding  pressure 
exerted  a  very  important  factor  in  the  test  for  workability? 
Given  a  hard  cast-iron  and  a  comparatively  light  pressure,  instead 
of  cutting,  the  drill  will  scrape;  and  it  will  take  hundreds  of 
revolutions  to  advance  the  drill  the  desired  amount.  With  an 
increase  of  pressure  on  the  drill,  it  will  begin  to  cut,  and  may  even 
autographically  describe  the  same  line  that  was  obtained  from  a 
piece  of  soft  cast-iron  with  lighter  pressure.  On  the  other  hand, 
the  same  maximum  load  might  not  answer  for  brass.     I  would 
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suggest  that  the  effect  of  change  of  presaure  on  the  drill  for  differ- 
ent metals  be  studied. 

I  cannot  agree  with  the  author  that  "gray  cast  iron  suitable 
for  machinery  castings  is  usually  uniform  in  hardness  throughout 
a  test  bar."  Experiments  on  bars  of  different  mixtures  and 
tested  by  the  Bauer  method  confirm  experimental  results  obtained 
by  a  differont  method  at  the  Ohio  State  University  and  showing 
that  bars  of  cast  iron  2  inches  by  2  inches  by  13  inches  cast  on 
end  are  generally  harder  at  the  bottom,  and  sometimes  as  much 
as  ^  per  cent,  harder. 

Mr.  W.  J.  Keep,* — The  diagram  of  the  first  jV  of  an  inch  of 
the  test  bar  is  -^  of  an  inch  long,  which  will  give  the  hardness 
angle  accurately.  Either  the  engraver  has  distorted  his  diagram, 
or  the  sharp  changes  are  caused  by  his  temporary  apparatus ;  for 
the  reason  that  in  ordinary  gray  cast  iron  there  can  be  no  sudden 
change  in  hardness.  If  there  is  any  change,  it  is  very  gradual 
and  slight.  I  measured  the  same  part  of  each  diagram  to  make 
records  comparable. 

Mr.  West  says  that "  Founders  have  been  guided  by  the  fracture 
of  pig  iron,  which  is  generally  neither  more  nor  less  than  being 
guided  by  hardness."  "  No  furnaceman  can  guarantee  the  uni- 
form working  of  a  furnace,  and  the  hardness  will  always  vary, 
and  may  not  be  in  accordance  with  the  grade  results  that  a  chem- 
ical analysis  would  show."  lie  presents  two  samples  of  pig  No.  1 
three  times  as  bard  as  No.  2,  and  yet  says  they  are  "  of  like  analy- 
sis excepting  carbons."  "  The  more  combined  carbon  the  harder 
the  iron,"  but  he  says  thiit  the  pigs  made  castings  of  the  same 
hardness.  If,  as  he  says,  the  silicon,  phosphorus,  sulphur,  and 
manganese  are  alike  in  each  pig,  and  that  hardness  varies  as  these 
vary,  then  tlie  silicon  in  these  pigs,  as  found  by  analysis,  did  not 
indicate  the  combined  carbon  or  hardness  of  the  pig  or  of  the 
casting.  If  the  analyses  of  these  pigs  were  the  same,  and  if  he 
ever  made  a  casting  from  either,  would  not  he  have  published  the 
analysis,  and  have  told  how  long  it  took  to  drill  each  casting ! 
Did  he  not  get  his  samples  mixed,  and  is  not  No.  8  the  buck  of 
No.  2  instead  of  No.  1 1 

I  believe  in  having  all  the  chemical  analysis  that  we  can  afford. 

My  contention  is,  tliat  because  the  pliysical  properties  of  cast  iron 

do  not  always  follow  changes  in  cliemical  composition,  that  the 

only  way  to  find  the  result  of  such  variation  is  by  physical  tests. 

♦  Anthoc'fl  rlosure,  under  [lie  IJules. 
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While  the  gas  engine  has  become  such  an  important  prime 
mover  that  it  is  looked  upon  and  is,  to-day,  a  most  formidable 
rival  of  the  steam  engine,  it  has  certain  disadvantages  as  a  power 
generater  which  are  not  only  recognized  by  its  devotees  and 
manufacturers,  but  are  considered  inherent  and  beyond  elimina- 
tion by  many  of  those  who  have  given  the  internal  combustion 
engine  a  great  amount  of  study.  To  overcome  these  disadvan- 
tages, eradicate  the  defects,  improve  the  efficiency,  and  design 
an  engine  which  would  meet  the  requirements  of  prime  movers, 
and  one  which  would  not  only  be  simple  and  cheap  to  coustrnct, 
but  one  which  could  be  easily  manipulated  and  controlled  by 
the  average  engineer,  has  been  the  object  of  the  author,  and  the 
result  the  subject  of  this  paper. 

In  order  to  understand  thoroughly  the  disadvantages  of 
modern  gas  engines,  it  is  necessary  to  consider  the  cycle  and 
operation  of  the  working  parts.  As  it  is  not  in  our  province  to 
criticise  what  is  recognized  as  being  the  best  warranted  by  the 
state  of  the  art,  we  will  refer  only  in  general  to  the  shortcom- 
ings of  the  modern  gas  engine  of  the  four-cycle  type,  by  which 
is  meant  an  engine  with  one  or  more  cylinders  fitted  with  trunk 
pistons,  working  on  the  Beau  de  Eochas  or  Otto  cycle,  in  which 
the  piston  acts  during  the  first,  or  forward,  stroke  (towards  the 
crank)  as  a  pump,  drawing  in  the  charge  of  air  or  of  a  combus- 
tible mixture  ;  compressing  same  on  the  second,  or  back,  stroke 
completing  the  first  revolution  of  the  crank  shaft ;  performing 
work  during  inflammation,  the  forward  stroke  of  the  second 
revolution,  and  exhausting  the  burnt  products  during  the  back 
stroke  of  the  second  revolution.     Such  is  the  operation  of  the 

*  Presented  at  the  New  York  meeting  (December,  1900)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the 

jyansactions. 
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modem  gas  engine,  with  a  few  possible  exceptions  which  will 
not  be  considered  herein.  Engines  working  in  this  way  have 
been  in  snccessfal  operation  twenty  years ;  yet  that  there  is 
lai^e  room  for  improvement  no  one  denies,  but,  on  the 
contrary,  authorities  on  the  subject  say  that  the  mechanical 
and  thermal  results  are  very  inefficient,  and  anticipate  im- 
provements which  will  improve  the  mechanical  as  well  as  the 
thermal  efficiency. 

In  specifying  the  disadvantages  of  a  single-cylinder  gas  engine, 
we  find  that,  on  account  of  but  one  impulse  being  obtained  for 
every  two  revolutions  of  the  crank  shaft,  the  working  parts  must 
be  sufficiently  heavy  and  strong  for  the  three  idle  strokes  as  for 
the  impulse  stroke ;  therefore,  the  engine  is  practically  four  times 
as  heavy  per  horse-power  as  it  would  be  if  the  impulse  were  re- 
ceived  every  stroke  of  the  piston.  No  compression  is  possible 
on  the  forward  stroke,  and,  as  compression  takes  place  every 
other  revolution  only  on  the  back  stroke,  a  heavy  frame  and 
foundation  are  necessary  to  prevent  injurious  vibration.  In  order 
to  absorb  the  inertia  of  the  reciprocating  parts  and  to  improve 
the  regulation,  some  manufacturers  put  two,  three,  or  even  four 
cylinders  side  by  side,  thus  getting  as  many  impulses  in  the 
cycle  of  two  revolutions  as  there  are  cylinders,  and,  by  trans- 
mitting the  strains  through  the  crank  shaft,  as  many  compres- 
sions as  there  are  impulses.  An  engine  working  under  these 
conditions  may  run  very  smoothly,  be  in  running  balance,  and 
give  excellent  results  from  a  mechanical  standpoint.  With  a 
single-cylinder,  single-acting  engine,  to  get  regulation  equal  to 
an  engine  getting  an  impulse  every  stroke,  it  is  necessary  to 
have  a  flywheel  of  four  times  the  capacity. 

Governing, 

When  a  single-cylinder  engine  is  governed  by  missing  an  ex- 
plosion, an  impulse  may  be  obtained  in  every  fourth  or  sixth 
revolution,  and,  on  account  of  tlie  burnt  products  having  been 
cleared  out,  when  the  engine  does  take  an  explosive  charge,  the 
first  impulse,  after  skipping  a  charge,  is  very  severe,  giving  a 
much  higher  initial  pressure  than  the  ordinary  impulse,  which, 
though  it  may  be  conducive  to  economy  of  gas,  is  not  conducive 
to  the  longevity  of  the  engine.  With  a  "  hit-and-miss "  gov- 
ernor there   is  greater   economy,  because  the  compression  is 
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practically  uniform ;  but  with  this  kind  of  governing  the  engine 
is  constantly  racing,  and,  though  it  may  be  adjusted  to  vary  not 
over  2  per  cent,  in  revolutions  between  full  and  no  load,  its 
angular  velocity  is  always  increasing  or  decreasing,  as  a  look 
through  a  vibrating  tachometer  at  the  flywheel  of  this  kind  of 
an  engine  will  impress  you.  A  better  method  of  governing  is  by 
varying  the  mean  eflfective  pressure  by  throttling  the  fresh 
charge.  A  regulation  sufficiently  close  for  electric  lighting, 
even  with  a  single-cylinder  engine  having  sufficient  flywheel 
capacity,  may  be  obtained  in  this  way,  but  at  the  expense  of 
thermal  efficiency.  This  is  best  illustrated  from  an  indicator 
diagram  of  a  light  load  represented  in  Fig.  101,  and  taken  from  a 
paper  presented  to  the  Society  one  year  ago.  The  engine  was 
rated  at  125  horse-power,  and  the  diagram  was  taken  when  the 
engine  had  about  one-quarter  load.     Ab  is  the  atmospheric  line. 
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and  ac  the  admission  line.  The  mixture  is  throttled  by  the  gov- 
ernor, and,  as  the  admission  line  is  about  five  pounds  below 
atmospheric  pressure,  there  is  a  loss  by  wire-drawing  repre- 
sented by  the  area  acda.  On  account  of  the  throttling  of  the 
admission  there  is  only  about  one-half  a  cylinder  volume 
of  combustible  mixture ;  consequently,  the  compression  is  only 
one-half  what  it  should  be  for  economy,  and  what  it  is  at 
full  load,  as  shown  in  diagram  (Fig.  102)  taken  from  the 
same  engine. 

The  thermal  efficiency  of  the  engine  when  developing  the  load 
represented  by  diagram  (Fig.  102),  is  nearly  twice  that  when 
developing  the  load  shown  in  Fig.  101 ;  yet  the  temperature  and 
pressure  of  release  at  the  end  of  working  stroke  of  the  full  load 
are  considerably  more  than  at  one-quarter  load.  As  the  efficiency 
should  increase  as  the  terminal  pressure  and  temperature  are 
lowered,  throttling  the  admission  and  lowering  the  compression 
and  its  attendant  results  must  cause  a  considerable  loss.     As 
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the  load  decreases,  the  quantity  of  combustible  mixture  is  de- 
ozeased ;  but  as  the  clearance  remains  the  same,  the  mixture  is 
weaker,  inflammation  is  slower,  and  as  ignition  takes  place  at 
the  same  point,  the  piston  runs  away  from  the  explosion  (see 
Fig.  101),  making  the  highest  pressure  and  temperature  where 
the  proportion  of  cooling  surface  is  greater,  which  accounts 
for  the  rapid  falling  of  efficiency  pointed  out  in  previous 
paragraph. 

The  high  pressure  and  temperature  when  the  exhaust  opens 
at  full  load  are  the  sources  of  greatest  loss  in  an  internal  combus* 
tion  engine.  In  the  paper  from  which  the  diagrams  were  taken, 
it  was  stated  that  fifty-seven  per  cent,  of  the  heat  units  pass 
into  the  exhaust,  the  pressure  of  which,  at  the  moment  of  open- 
ing, is  forty  to  fifty  pounds  absolute,  and  the  temperature  from 
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1,100  to  1,200  degrees  Fahr.  This  terminal  pressure  is  so  great 
that  in  large  engines  it  often  requires  a  lifting  force  of  more  than 
a  ton  to  open  the  exhaust  valve,  and  though  the  actual  horse- 
power used  is  a  very  small  per  cent.,  the  strain  on  the  gears  and 
shafting  is  worth  eliminating. 

With  a  terminal  pressure  of  forty  to  fifty  pounds  absolute, 
mufflers  to  deaden  the  "  bark "  are  absolutely  necessary,  and 
with  a  release  at  1,200  degrees  Fahr.,  and  an  initial  temperature 
of  probably  2,700  degrees  Fahr.,  the  average  temperature  of  a 
cylinder  must  be  near  the  critical  point,  where,  with  high  com- 
pression, back  firing  and  premature  ignition  are  liable  to  take 
place,  the  cooling  effect  of  the  jacket  water  to  the  contrary  not- 
withstanding. This  is  one  of  the  most  aggravating  things  in  an 
internal  combustion  engine,  and  any  change  in  design  which 
would  overcome  this  trouble  would  be  of  inestimable  value. 
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Starting. 

As  all  gas  engines  which  are  sufficiently  economical  for  prac- 
tical purposes  must  compress  the  combustible  charge  before 
ignition,  and  consequently  before  any  work  is  given  out  or  stored 
in  the  flywheels,  the  starting  of  the  internal  combustion  engine 
has  been  one  of  the  greatest  troubles  to  overcome.  It  is  accom- 
plished in  small  sizes  by  man-power  storing  up  energy  in  the 
flywheels,  or  by  compressing  the  entire  charge  with  a  windlass ; 
while  in  larger  sizes,  compressed  air,  with  its  necessary  reservoirs, 
pipes,  and  pumps,  is  used.  Many  start  the  engine  with  a  charge 
of  gunpowder  or  combustible  mixture  of  gas  and  air,  giving,  from 
a  standing  position,  such  a  shot  that  the  inertia  stored  up  will 
compress  the  next  charge  and  keep  the  engine  going.  Nearly 
every  manufacturer  has  a  perfect  starter,  yet,  where  compression 
must  take  place  before  ignition,  the  difficulties  encountered  in 
always  getting  an  engine  to  go  are  evident.  Such  are  some  of  the 
thermal  and  mechanical  disadvantages  of  the  modern  gas  engine. 

Ideal  Method. 

In  accounting  for  the  heat  in  the  internal  combustion  engine, 
we  have : 

First,  Heat  converted  into  work  ; 

Second,  Heat  imparted  to  water  jacket ; 

Third,  Heat  released  in  exhaust. 

As  the  sum  of  the  three  is  constant  in  order  to  make  the  first 
as  large  as  possible,  it  is  necessary  to  reduce  the  second  and 
third.  As  the  cylinder  walls  must  be  sufficiently  cool  for  proper 
lubrication,  we  cannot  expect  to  reduce  this  loss  materially,  yet 
by  improving  the  conditions  the  best  possible  efficiency  may  be 
obtained.  The  transmission  of  heat  from  the  burning  charge  to 
the  cylinder  walls  depends,  for  one  thing,  on  the  ratio  of  surface 
exposed  to  the  unit  of  volume.  The  reason  that  compression  is 
necessary  for  high  efficiency,  and  that  the  efficiency  increases 
with  compression  is,  that  while  the  volume  remains  constant, 
the  cooling  surface  for  radiation  diminishes.  It  is  impossible 
to  get  any  more  heat  out  of  the  gas  than  there  is  in  it,  and  with 
complete  combustion  there  is  just  as  much  heat  released  in  a 
non-compression  engine  of  the  Lenoir  type  as  in  the  Diesel 
motor,  and  the  only  reason  why  the  latter  shows  such  excellent 
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efficiency  is  because  the  compression  is  so  liigh  that  the  surface 
of  radiation  during  inflammation  is  comparatively  small.  Time 
is  another  factor  in  the  transmission  of  heat  from  the  burning 
charge.  If  the  engine  is  put  on  centre,  so  that  it  cannot  be 
moved,  and  no  heat  can  be  turned  into  work,  and  the  charge 
exploded  in  the  compression  chamber,  the  pressure  should  fall 
to  the  same  pressure  it  had  before  ignition  took  place,  in  about 
one  and  one-half  seconds,  which  shows  that  high-piston  speed  is 
essential  in  a  gas  engine,  as  well  as  in  the  steam  engine,  for 
economy.  The  quicker  we  can  expand  the  burning  gas,  the  less 
heat  will  go  into  the  jacket  and  more  into  work. 

The  transmission  of  heat  from  the  burning  charge  to  the  water 
jacket  depends  also  upon  the  difference  between  the  mean  tem- 
perature of  the  gases  during  the  working  stroke  and  that  of  the 
cylinder  walls,  so  that  the  lower  the  terminal  temperature,  other 
things  being  equal,  the  lower  the  mean  temperature  and  less 
heat  will  be  lost  "We  see,  then,  that  the  loss  of  heat  to  the  water 
jacket  depends  on  the  ratio  of  the  volume  of  explosive  mixture 
to  the  surface  which  confines  it,  to  the  piston  speed,  and  to  the 
average  temperature  of  the  burning  gases,  none  of  which  has 
been  neglected  in  the  designs  presented.  The  prime  object  in 
bringing  out  a  new  design  of  gas  engines  was  to  get  a  more  com- 
plete expansion  of  the  gases  during  the  working  stroke.  It  is 
evident  that  if  a  cylinder  full  of  combustible  mixture  is  com- 
pressed, ignited,  and  allowed  to  expand  to  its  original  volume  (a 
cylinder  full)  and  then  released,  the  terminal  pressure  and  tem- 
perature will  be  considerably  higher  than  when  compression 
began,  while  if  this  expansion  could  continue  until  the  pressure 
and  temperature  were  the  same  as  before  compression,  the  only 
loss  would  be  the  amount  of  heat  absorbed  by  the  water  jacket. 
In  Fig.  103,  ehicbfe  is  the  theoretical  perfect  diagram  of  an  internal 
combustion  engine  igniting  the  charge  at  constant  volume,  taken 
from  the  latest  edition  of  Clerk's  "  Gas  and  Oil  Engine,"  p.  50, 
which  shows  an  expansion  of  the  gases  to  the  atmospheric  pres- 
sure. Mr.  Clerk,  as  well  as  all  other  authorities  on  internal 
combustion  engines,  says,  however,  that  such  a  complete  expan- 
sion has  never  been  obtained.  The  desirability  of  attaining 
such  results,  however,  is  empliasized  by  all  writers  when  dis- 
cussing the  possibilities  necessary  for  an  increased  efficiency, 
and  though  the  realization  of  such  results  in  a  single -cylinder 
engine  is  not  considered,  the  probability  of  securing  a  better 
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expansion  of  the  gases  by  compounding  is  suggested,  and  has 
been  tried  with  more  or  le«s  success.  Looking  once  more  to  Fig. 
103,  we  see  that  if  the  original  volume  of  combustible  mixture, 
including  the  clearance,  were  taken  as  a  unity,  an  expansion  to 
two  and  seven-tenths  (2f\)  volumes  would  bring  the  pressure  to 
atmospheric.  While  the  writer  has  obtained  as  great  an  expan* 
sion  as  that  indicated  in  Fig.  103,  the  work  produced  is  so  small 
during  the  last  part  of  the  stroke,  and  an  engine  so  large  for  the 
power  developed,  that  no  attempt  has  been  made  in  practice 
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to  get,  at  full  load,  a  lower  terminal  pressure  than  eighteen  to 
twenty  pounds  absolute. 

Referring  to  Fig.  103,  if  Z6  represents  the  length  of  pistou  stroke 
then /e/ift/*  would  be  the  theoretical  power  diagram  such  as  is 
obtained  from  the  modem  gas  engine,  wherein  expansion  beyond 
original  volume  does  not  take  place.  If,  instead  of  releasing  the 
burning  charge  at  ^,  we  could  expand  to  twice  the  volume  of 
piston  displacement  and  release  at  t,  there  would  be  added  to 
our  power  diagram  area  hikhhy  and  much  of  the  heat  ordinarily 
lost  in  the  exhaust  would  be  turned  into  work. 

Now,  to  build  an  engine  which  would  give  a  diagram /et'A/,  all 
that  is  necessary  is  to  cut  off  the  fresh  charge  at  6,  allow  it  to 
rarefy  and  return  to  atmospheric  pressure  at  6,  as  the  piston 
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returns,  compress  to/,  ignite  and  expand  from  e  to  i,  the  end  of 
the  forward  stroke  where  exhaust  opens  and  the  products  are 
driven  out  as  the  piston  travels  from  k  to  Z,  the  end  of  the  back 
stroke,  when  the  operation  is  completed. 

Figs.  104  and  105  are  diagrams  taken  from  an  engine  hereafter 
described,  working  in  this  way,  which  approach  very  closely  the 


Fig.  106. 


ideal  card,  and  Fig.  106  is  a  diagram  taken  at  the  same  time  with 
a  light  spring  fitted  with  a  stop. 

Eeferring  to  Fig.  106,  ab  is  the  atmospheric  line  and  length  of 
stroke ;  when  the  piston  travels  from  a  to  &,  the  charge  is 
admitted  to  e  ;  when  the  admission  is  cut  off,  the  pressure  drops 
to  c,  the  end  of  the  stroke,  and  returns  to  e,  as  the  piston  returns 
Avhere  compression  above  atmosphere  begins  and  continues  to  d 
(Fig.  104:),  when  ignition  and  expansion  take  place,  and  the  ex- 
haust opens  at  the  end  of  the  stroke  b,  slightly  above  the  pressure 
of  the  atmosphere.    There  is  no  loss  in  rarefying  the  fresh  charge 
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from  e  to  c,  as  the  work  is  giyen  back  to  the  piston  as  it  returns 
to  Cy  and  the  compression  above  atmosphere  takes  place  during 
the  last  half  of  the  compression  stroke.  If  the  full  power  of  the 
engine  is  obtained,  say,  at  one-half  cut-off,  and  it  is  so  designed 
that  the  highest  compression  permissible  takes  place  when  giv- 
ing its  full  rated  power,  then  by  making  the  governor  cut  off  the 
admission  and  ignite  earlier  as  the  speed  increases,  we  ought  to 
obtain  a  much  higher  efficiency  for  light  loads  than  is  usually 
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Fig.  107. 


obtained  by  throttling  the  charge,  as  there  is  no  loss  by  wire- 
drawing or  by  late  ignition,  as  heretofore  pointed  out. 

Fig.  110  is  a  diagram  taken  from  both  ends  of  one  cylinder 
while  developing  a  constant  load. 

Fig.  107  is  a  diagram  taken  with  a  120-pound  spring  from  the 
engine  during  a  change  of  load  of  about  five  seconds*  duration, 
and  Fig.  108  is  a  diagram  during  four  working  strokes,  which 
shows  the  action  of  the  governor  in  cutting  off  the  admission 
earlier,  and  thereby  varying  the  mean  effective  pressure  ;  yet,  by 
the  simultaneous  advance  of  the  igniter,  the  initial  pressure  is 
always  greatest  at  the  beginning  of  the  stroke.  No  loss  from 
wire  drawing  is  perceptible,  and  the  terininal  pressure  approaches 

21 


322 


A  SEW  FBINCIFLB  IN  GAS-EKGDIE  DEBIGH. 


rery  closely  to  the  atmospheric  line.  The  only  possible  chMioe 
for  a  drop  in  thermal  efficiency  with  a  light  load  is  that  loss 
cansed  by  a  lower  compression,  which  is  probably  balanced  by 
the  lower  pressure  and  temperature  of  release,  for  the  efficiency 
depends  on  the  difference  between  the  initial  and  final  tempera- 
ture, and,  as  the  construction  of  the  engine  is  such  that  the 
compression  falls  only  one-half  as  fast  as  the  cut-off  recedes, 
the  thermal  efficiency  should  be  nearly  constant  throughout  a 
considerable  range  of  load.  With  such  a  cycle,  let  us  see  what 
is  gained.  With  a  full  load,  a  diagram  shows  from  twenty  to 
twenty-five  per  cent  more  area  than  is  usually  obtained  from 
modem  gas  engines ;  consequently,  twenty  to  twenty-five  per  cent* 
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more  heat  is  turned  into  work  for  the  same  amount  of  fueL  A 
noiseless  exhaust,  doing  away  with  mufflers,  is  possible.  The 
average  temperature  of  the  cylinder  is  reduced  several  hundred 
degrees,  avoiding  the  probability  of  premature  ignition.  The 
pressure  on  the  exhaust  valve  is  removed,  taking  a  great  strain 
from  the  side  shaft,  and  on  account  of  lowering  the  average 
temperature,  makes  possible  the  use  of  a  piston  rod,  and  a  double- 
acting  tandem  engine ;  therefore,  an  impulse  can  be  obtained  at 
every  stroke,  as  well  as  a  compression  for  every  impulse  to 
absorb  the  inertia  of  the  moving  parts  without  transmitting  any 
strain  through  the  crank  shaft.  One  crank  pin  may  do  four 
times  the  work  of  the  crank  pin  in  the  ordinary  gas  engine. 
The  desirability  of  using  two  tandem  cylinders  and  getting  an 
impulse  at  every  stroke  lias  long  been  recognized,  and  tried  with 
more  or  less  success.  With  a  temperature  of  1,000  degrees 
Falir.  or  more  for  the  release,  it  is  no  wonder  that  hollow  piston 
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rods,  with  the  water  nmning  through  them^  must  be  used.  The 
catalogue  of  one  prominent  manufacturer  of  gas  engines  says : 
-*' Single-acting  cylinders  and  trunk  pistons  are  used  because  they 
ore  absolutely  necessary  in  a  gas  engine,,  for  the  reason  that 
stuffing  boxes  and  piston  rods  deteriorate  too  rapidly  in  such 
A  temperature,"  which  would,  no  doubt,  be  true  of  iJie  engine 
described  in  this  catalogue,  as  the  temperature  of  release  is 
from  1,000  degrees  to  1,200  degrees  Fahr.,  maintaining,  neces- 
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sarily,  a  red-hot  exhaust  pipe.  But,  with  the  comparatiyely 
low  temperature  secured  by  more  complete  expansion,  a  piston 
rod  running  through  water-jacketed  stuffing  boxes  has  worked 
satisfactorily. 

With  a  variable  load,  no  loss  by  wire-drawing  of  the  incom- 
ing charge  is  possible ;  the  mean  effective  pressure  drops  much 
faster  than  the  compression,  and  the  highest  pressure  and  tem- 
perature take  place  where  the  radiating  surface  is  the  least.  A 
regulation  equal  to  the  best  steam  engine   is  possible   and, 
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with  a  practically  uniform  compression,  smooth  running  is  the 
result. 

While  a  more  complete  expansion  of  the  gases  is  the  essential 
feature  of  this  paper,  the  adoption  of  such  a  cycle  not  only 
permits  the  construction  of  an  engine  having  an  impulse 
every  stroke,  but  suggests  a  method  of  starting  an  internal 
combustion  engine  which  has  more  than  fulfilled  our  antici- 
pations. 

Beferring  to  Fig.  106,  if  the  valve  mechanism  were  so  arranged 
that  ignition  took  place  at  the  point  of  admission  closure  or 
cut-off  (e),  and  the  exhaust  would  open  at  the  end  of  the  stroke 
and  remain  open  during  the  back  stroke  of  the  piston,  and 
repeat  the  same  cycle  each  crank  shaft  revolution,  we  would 
get  an  impulse  every  stroke,  and  with  but  one  double-acting 
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Fig.  110. 

cylinder,  would  get  two  impulses  every  revolution  of  the  crank 
shaft. 

By  the  simple  moving  of  a  lever  (hereafter  described)  the 
engine  may  be  changed  from  the  ordinary  four-cycle  to  this 
non-compression  cycle,  and  Fig.  109  is  a  diagram  taken  from  the 
engine  after  starting  same  by  turning  the  flywheel  one-quarter 
of  a  revolution.  The  operation  is  as  follows :  The  charge  is 
drawn  in  by  turning  the  engine  by  hand  ;  as  soon  as  the  piston 
which  starts  at  a  reaches  e,  cut-off  takes  place,  and  ignition  fires 
the  charge,  while  the  pressure  goes  up  to  d  and  expands  to  the  end 
of  the  stroke  fc,  where  exhaust  opens;  the  other  end  of  the 
cylinder  performing  the  same  operation  produces  the  diagram 
be'd'ab.  As  soon  as  the  engine  is  up  to  speed,  the  ordinary  cycle 
is  thrown  into  operation. 

The  cycle  of  this  engine  when  starting  will  be  recognized, 
by   those   familiar   with   the   history  of  internal   combination 
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engines,  as  that  of  the  first  successful  gas  engine  iavented  hy 
Lenoir. 

Sucli  are  some  of  tlie  advaiitai^es  of  the  engine  which  will  now 
be  described,  and  though  the  <let&ils  may  have  to  be  modified 
as  long-continued  operation  will  develop  the  defects,  the  author 
feels  that  the  principles  evolyed  are  a  great  advance  in  internal 
combustion  engine  design,  and  that  the  method  of  accomplish- 
ing the  results  obtained  will  be  of  interest  to  the  Society. 

Dencn']>fion  of  Engine, 

Fig.  Ill  is  a  half-tone  of  the  plain  pulley  side  of  an  unpainted 
50  horse-power  engine,  and  Fig.  112  is  a  hfdf-toue  of  the  governor 
pulley  side  of  the  same  engine.  Fig.  113  is  a  side  elevation  of 
the  plain  pulley  side,  and  Fig.  114  is  aside  elevation  of  governor 
side  of  the  same  engine,  showing  the  governor,  side  shaft,  starts 
ing  lever,  valve  cams,  and  igniters.  Fig.  115  shows  a  vertical 
section  lengthwise  through  the  centre  of  a  75  horse-power 
engine,  and  Fig.  116  a  vertical  cross  section  through  the  crank 
end  valve  of  the  head  end  cylinder  of  the  same  engine,  looking 
towards  the  crank  shaft,  and  Fig.  117  a  vertical  cross  section 
through  the  crank  shaft,  looking  towards  the  cylinder.  In 
general  it  is  a  horizontal  centre  crank,  self-contained  engine, 
the  main  frame  of  which  rests  on  a  sub-base  (which  could  be 
replaced  by  masonry  if  desired)  sufficiently  high  for  the  wheels 
to  clear  the  floor  line.  The  frame  is  of  the  self-oiling  enclosed 
type,  keeping  the  oil  in  and  the  dust  out,  with  bored  guides  and 
side  doors  giving  access  to  cross  head  and  stuffing  box.  The 
cylinders  are  made  with  one  head  cast  in  and  a  valve  chest  on 
the  bottom  of  each  end.  The  crank  end  cylinder  is  centred  in 
and  bolted  to  the  frame.  To  the  head  of  this  cylinder  is  bolted 
the  distance  piece  which  makes  a  cylinder  head,  and  to  which  is 
centred  and  bolted  the  head-end  cylinder.  A  pedestal  under 
the  distance  head  to  the  sub-base,  or  foundation,  prevents  the 
cylinders  from  sagging,  yet  allows  linear  expansion  so  necessary 
in  a  heat  engine.  The  air  for  each  cylinder  is  taken  from  out- 
side of  the  engine  room  or  from  the  perforated  extension  of  the 
sub-base  (Figs.  1 14  and  116),  which  deadens  the  noise  of  suction 
while  the  exhausts  from  the  cylinders  are  connected  together 
(Figs.  113  and  115),  and  run  where  desired.  No  muffler  or  exhaust 
head  is  used.    Each  cylinder  is  water  jacketed,  and  the  water 
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sorroands  eadi  piston-rod  stuffing  box  and  toItc  chest.  Water 
enters  at  the  bottom  centre  of  each  cylinder  and  passes  out  the 
centre  and  top  tbroogh  the  same  opening  in  outer  shell  as  the 
cylinder  oil  passes  in,  as  shown  in  Fig.  115.  Provision  is  made 
for  a  thermometer  at  the  water  outlet  of  cylinders,  and  in  the 
exbaost  gases  before  leaving  the  cylinder,  as  shown  in  half- 


tones. Each  combustion  chamber  (clearance  space)  lias  one 
port  in  the  bottom,  both  for  admission  and  exhaust  (Fig.  115),  and 
one  vertical  poppet  check  valve,  which  is  held  to  its  seat  during 
compression  and  iuflammation  by  the  internal  pressure.  There 
is  also  a  vertical  piston  valve  It  in  each  valve  chest  (Figs.  115 
and  116),  which  opens  and  closes  the  exhaust  ports  and  air  and 
gas  ports  at  the  proper  time. 

The  side  shaft  //(Fig.  114,  and  in  section  Fig.  116)  is  driven  by 
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worm  gears  of  the  esine  diameter  (Fig.  117)  at  one-half  the  speed 
of  crank  shaft,  as  in  ordinary  fonr-cycle  engines.  The  valve 
cams  and  igniters,  one  for  each  explosion  chamber,  are  keyed  to 
this  abaft  90  degrees  apart,  so  that  one  end  of  one  cylinder  is 
always  givmg  an  impulse  stroke,  while  the  three  other  ends  are 
exhausting,  compressing,  or  drawing  in  a  fresh  charge  respec- 


tively. As  all  valve  chests  and  connections  are  duplicates,  a 
description  of  the  operation  of  one  will  sufBce.  In  Fig.  116,  X  is 
a  lever,  one  end  of  which  is  forked  around  collar  nuts  screwed 
to  the  stem  of  the  piston  valve  B,  by  which  this  valve  is  con- 
trolled ;  Y  the  roller,  carripd  by  the  other  end  of  lever,  which  is 
held  gainst  tlie  cam  MK  by  the  spiral  spring  Z.  As  the  piston 
iu  tlie  cylinder  makes  four  strokes  every  time  the  cam  MK 
makes  one  rotation,  this  cam  must  perform  all  operations  while 
going  once  around.     That  part  of  the  cam  NIKL  being  a  circle, 
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causes  no  action  of  the  piston  valve  and  is  called  the  normal 
part  of  the  cam.  When  the  point  /  is  in  contact  with  the  roller 
Tf  the  piston  is  at  the  end  of  the  suction  stroke,  or  at  b  (Figs. 
104  and  106).  When  the  part  ZS"  passes  the  roller  Y,  one-quarter 
of  the  cam  shaft  rotation,  the  piston  has  moved  through  one  stroke 
and  is  at  a  (Fig.  104),  while  the  compression  has  gone  up  to  d. 
When  jK'is  at  the  roller  F,  the  cam  G  has  just  passed  under  the 
igniter  rod  J?,  causing  a  contact  and  break  between  the  elec- 
trodes at  Ay  igniting  the  charge,  and,  by  the  time  L  reaches  the 
roller,  the  piston  has  made  the  working  stroke,  and  here  that 
part  of  the  cam  LM  pusnes  the  roller  end  of  the  lever  down 
while  the  other  end  goes  up,  carrying  the  piston  and  poppet 
valve  until  it  is  in  the  position  shown  at  Ex  (Fig.  1 15)  for  one 
stroke,  during  which  exhaust  takes  place.  When  the  piston  is 
at  the  end  of  the  exhaust  stroke,  and  M  is  at  Y,  the  cam  has 
allowed  the  roller  to  return  to  its  normal  position,  as  shown  in 
Fig.  116,  and  at  Co,  where  compression  is  taking  place,  and  Wo, 
the  working  stroke  (Fig.  115),  closing  the  exhaust  port  and  allow- 
ii^  the  poppet  to  seat ;  but  as  the  depressed  part  of  the  cam 
JOT  passes  the  roller,  the  spring  Z  drives  the  roller  up  into  the 
depression,  while  the  pisfcon  valve  goes  down  until  the  air  and 
gas  ports  register  as  at  In  (Fig.  115),  when  gas  and  air,  in  the 
right  proportion,  are  drawn  in.  To  the  lower  end  of  the  poppet 
valve  stem  which  passes  through  the  piston-valve  stem,  is  at- 
tached a  small  piston  W  (Fig.  116),  working  in  the  cylinder  V  of 
a  dashpot  piston  C,  which  moves  with  the  piston  valve.  Now,  as 
the  piston  valve  descends  by  the  action  of  the  spring  Z  from  the 
position  of  exhaust  shown  at  Ex  (Fig.  115)  to  the  position  of 
induction  /n,  the  air  in  U  being  compressed  by  the  downward 
movement  of  the  dashpot  C  forces  up  JV,  raising  the  poppet 
valve  P  again,  which  is  seated  for  an  instant  when  the  piston 
valve  passed  its  normal  position,  passing  from  exhaust  to  ad- 
mission, thus  holding  open  the  poppet  valve  as  shown  at  /n, 
while  air  and  gas  are  admitted  to  the  cylinder.  When  the  pis- 
ton has  made  one-half  a  stroke,  or  arrived  at  e  (Fig.  104),  the  part 
of  the  cam  N  reaches  the  roller,  depresses  it,  and  raises  the  pis- 
ton valve  to  its  normal  position,  as  shown  in  Fig.  llfi,  cutting  oflf 
both  gas  and  air,  and  allowing  rarefaction  to  take  place  from  e  to  c 
(Fig.  104),  when  the  cycle  is  repeated.  After  cut-off  takes  place, 
the  poppet  may  remain  open  until  the  return  stroke  begins,  to 
allow  the  mixture  in  the  valve  chest  and  cylinder  to  have  equal 
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tension ;  but  from  cut-off  to  exhaust  opening,  one  and  one^uarter 
rotations  of  the  crank  shaft,  the  piston  valve  remains  in  its  nor- 
mal position,  closing  both  inlet  and  exhaust  ports.  The  gas 
port  Dy  and  air  port  JS?(Fig.  116),  are  separated  by  a  web  (see  also 
Fig.  118,  which  is  a  horizontal  section  through  air  and  gas  ports), 
so  that  when  the  piston  valve  is  in  its  normal  position,  and 
these  ports  through  the  bushing  are  covered,  gas  is  shut  off 
from  the  air.  When  induction  takes  place,  the  port  F  in  the 
piston  valve  registers  with  the  air  port  jB^Csee  position  of  valves 
at  cylinder  port  7w,  Fig.  115)  and  the  gas  port  Z>,  shown  only 
in  Fig.  116.  The  port  F  does  not  run  entirely  around  the 
piston  valve,  but  is  left  solid  at  S  (Figs.  116  and  118),  which  is 
just  the  right  width  to  cover  the  entire  gas  port,  if  desired,  when 
the  port  i^ registers  with  the  air  and  gas  ports  E  and  D.    By  mov- 
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Fig.  118. 

ing  the  lever  0  from  the  crank  shaft,  this  piston  valve  is  rotated, 
and  the  part  S  uncovers  the  gas  port  and  covers  the  air  port, 
so  that  any  possible  proportion  of  gas  and  air  may  be  obtained 
without,  in  any  way,  reducing  the  area  of  the  inlet  ports.  The 
guide  carrying  the  lever  0  is  graduated,  so  that  the  operator 
can  always  tell  what  proportion  of  gas  and  air  is  being  used. 
With  blast  furnace  or  producer  gas,  the  gas  port  might  have  to 
be  as  large  as  the  air  port,  which  is  easUy  accomplished.  The 
electric  igniter  (see  Fig.  116)  is  so  placed  in  the  cylinder  that  a 
mixture  free  from  exhaust  always  surrounds  it,  insuring  proper 
ignition  of  the  fresh  charge,  even  at  atmospheric  pressure  (see 
Fig.  109).  As  each  end  of  each  cylinder  is  a  complete  engine  of 
itself,  having  a  separate  air,  exhaust  pipe,  and  igniter,  any  one 
or  all  of  the  explosion  chambers  may  be  used  for  producing  the 
power  required.  By  cutting  off  the  gas  from  any  explosive 
chamber,  it  ceases  doing  work ;  yet  compression  may  take  place 
therein,  storing  up  the  inertia  of  the  reciprocating  parts.  By 
moving  the  lever  T  (Figs.  1 14  and  116)  to  a  horizontal  position, 
its  exhaust  valve  is  held  open  and  the  cylinder  may  be  examined 
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or  the  igniter  removed  without  stopping  the  engine.  These 
levers  are  also  used  to  hold  the  exhaust  valves  of  the  head  end 
cylinder  open  when  starting  with  the  crank  end  cylinder,  thus 
removing  all  compression.  As  the  ports  and  valves  are  on  the 
bottom,  any  surplus  oil  in  the  cylinder  will  be  carried  down  and 
will  lubricate  the  piston  valves  and  stems.  The  crank  shaft, 
cross  head  pin,  crank  pin,  guides,  and  worm  gears  are  lubricated 
in  the  following  manner : 

The  worm  gears  are  arranged  to  run  in  a  tight-fitting  case, 
one-half  of  which  is  made  in  the  engine  frame  by  babbitting 
around  the  blank;  before  teeth  are  cut  (Fig.  117).  The  oil  from 
the  basin  under  the  crank  shaft  flows  into  the  gear  case  and  is 
carried  up  by  the  spaces  between  the  teeth,  but  prevented  irom, 
passing  around  by  the  teeth  from  the  other  gear,  is  forced 
through  a  system  of  pipes  to  the  different  sight  feed  oilers,  as 
shown,  in  Figs.  113,  114, 115, 116,  and  117,  and  the  half-tones. 
What  oil  is  not  used  by  the  sight  feed  oilers  is  by-passed  through 
the  gooseneck  high  enough  to  give  the  oilers  sufficient  head,  and 
flows  through  the  strainer  on  crank  case  hood  back  into  crank 
case  basin.  The  crank  pin  and  cross  head  pin  are  oiled  by  the 
overflow  from  the  main  bearings  and  the  upper  slipper  in  the 
usual  manner.  The  design  of  the  frame  is  such  that  all  oil  flows 
by  gravity  back  to  the  settling  chamber  in  the  crank  case  basin ; 
yet  the  crank  and  counter  weights  do  not  dip  into  the  oil,  so 
the  working  parts  are  as  clean  as  if  they  were  not  enclosed. 
The  cylinder  oilers  are  of  a  special  design  that  feed  only  when  the 
engine  is  running,  stop  when  the  engine  stops,  yet  the  feed  is 
always  in  sight ;  the  quantity  in  the  glass  reservoir  may  always 
be  seen,  no  pressure  or  smoke  enters  the  bull's-eye  or  the  reser- 
voir, and  the  latter  may  be  filled  any  time  without  shutting  off 
the  needle  valve,  thus  changing  the  adjustment.  From  six  to 
fifteen  small  drops  per  minute  are  found  to  be  sufficient  for  a 
cylinder  and  its  valves.  The  governor  (Fig.  114)  consists  of  two 
weighted  inertia  levers  held  towards  the  centre  of  governor 
pulley  by  one  helical  spring  on  a  diametrical  line  with  a  right 
and  left  nut  in  each  end,  so  that  the  tension  may  be  adjusted  by 
turning  the  spring.  The  governor  arms  are  keyed  to  shafts, 
which  extend  through  a  bushed  boss  on  diametrically  opposite 
spokes  (Fig.  117),  and  these  shafts  have  radial  arms,  the  ends  of 
which  connect  by  links  to  the  driving  gear,  which  is  otherwise 
loose  on  the  crank  shaft.     When  the  speed  goes  beyond  normal 
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the  weighted  arms  separate  and  the  driving  gear,  as  well  as  the 
driven  gear,  advances  in  time  ahead  of  the  crank  shaft.  This 
makes  the  cut-off  earlier,  and  less  gas  and  air  are  admitted  to 
the  cylinder ;  consequently,  the  speed  is  controlled.  If  the  time 
of  the  side  shaft  advances  ahead  of  the  crank  shaft,  not  only  will 
the  cut-off  be  earlier,  but  the  time  of  every  other  operation  con- 
trolled by  the  cams  on  this  shaft  will  be  advanced.  The  exhaust 
will  open  before  the  piston  reaches  the  end  of  the  working 
stroke  and  will  close  before  it  reaches  the  end  of  the  eduction 
stroke,  imprisoning  some  of  the  burnt  gases,  and  the  admission 
would  also  be  earlier,  but  as  the  poppet  cannot  open  until  the 
pressure  within  the  cylinder  fa  reduced  to  atmosphere,  the  ad- 
mission begins  later  and  cuts  off  earlier  when  engine  is  cutting 
off,  so  that  should  the  governor  advance  the  side  shaft  45  de- 
grees, or  until  the  cut-off  was  at  one-quarter  of  the  stroke,  then 
the  exhaust  would  close  at  three-quarters  of  the  stroke,  and  no 
fresh  charge  would  be  admitted  to  the  cylinder ;  and  the  lowest 
possible  compression,  should  the  admission  be  entirely  cut  off, 
is  one-half  of  the  maximum  at  full  load.  As  the  fresh  charge 
becomes  more  diluted  with  the  exhaust  product  it  becomes  a 
slower  burning  mixture,  and  the  time  of  ignition  should  be 
earlier,  for  which  the  advance  of  the  cam  shaft  provides. 

Starting  Mechanism. 

If  the  size  of  the  engine  is  such  that  the  attendant  can  turn 
the  flywheels  by  hand,  it  is  started  as  follows : 

The  vertical  lever  just  in  front  of  the  crank-end  cylinder 
(Fig.  114)  contains  a  pin  and  roller  which  run  in  the  grooved 
collar  on  the  cam  shaft,  and  by  moving  this  lever  from  the  crank 
shaft  the  cam  shaft  U  is  moved  longitudinally  when  the  start- 
ing cams  Z'  of  the  crank-end  cylinder  engage  with  the  rollers 
T,  and  a  double  igniter  cam  comes  under  each  igniter  rod  £. 
This  double  igniter  cam  produces  two  ignitions  at  each  end  of 
the  cylinder  for  each  revolution  of  cam  shaft  immediately  after 
cut-offs  take  place. 

Fig.  119  is  an  end  view  of  the  cam  Z',  which 
admits  and  exhausts  twice  during  each  revolution 
of  the  cam  shaft,  producing  the  diagrams  (Fig.  109). 
As  soon  as  the  engine  has  sufficient  speed  to  com- 
press a  regular  charge,  the  vertical  lever  is  either 
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moved  towards  the  crank,  throwing  the  regular  igniters  and 
cams  L  into  operation,  or  one  end  of  the  other  cylinder  is 
started,  by  throwing  from  a  horizontal  to  a  vertical  position 
the  lever  T.  When  the  cams  L  engage  with  the  rollers  J^  the 
crank-end  cylinder  could  be  used  for  a  steam  or  compressed  air 
motor,  having  a  fixed  cut-off  at  half  stroke,  so  if  it  were  not 
found  practicable  in  very  large  engines  to  start  by  turning  the 
flywheels,  compressed  air  could  be  used  to  get  up  sufficient  mo- 
mentum to  start  the  head-end  cylinder. 

As  the  mean  effective  pressure  of  the  starting  diagrams  is 
only  about  6  pounds,  the  engine  should  start  without  load  with 
from  8  pounds  to  10  pounds  air  pressure,  which  is  about  one- 
fifteenth  the  pressure  used  for  starting  engines  in  which  the 
regular  compression  must  be  overcome.  Should  circumstfmces 
arise  in  which  it  would  be  desirable  to  start  the  engine  with 
full  load,  as  in  locomotive  practice,  then  compressed  air  could 
be  used  in  both  cylinders  with  any  predetermined  pressure 
until  the  maximum  speed  is  obtained,  when,  by  simply  moving 
the  lever  and  opening  the  gas  valve,  it  is  immediately  converted 
into  an  internal  combustion  engine  with  a  noiseless  exhaust. 

General  Conclusions. 

As  the  mean  effective  pressure  of  an  engine  utilizing  only 
about  one-half  a  cylinder  full  of  combustible  mixture  is  about 
60  per  cent,  of  tbat  of  the  ordinary  gas  engine,  the  cylinder 
capacity  of  an  engine  maintaining  a  higher  efficiency  by  greater 
expansion  must  be  nearly  twice  the  capacity  of  the  ordinary  gas- 
engine  cylinder  for  the  same  power  developed ;  yet  the  same 
could  be  said  of  a  steam  engine  utilizing  the  expansion  of  the 
steam  compared  to  one  without  cut-off.  However,  as  but  one 
crank  and  lighter  flywheels  and  double-acting  cylinders  can  be 
used,  it  is  probable  than  an  engine  of  this  type  would  not 
weigh  more  for  the  same  output  than  the  ordinary  single-acting 
engines  now  on  the  market. 

One  of  the  disadvantages  of  the  modern  internal  combus- 
tion engine  advanced  when  comparing  this  type  of  motor  with 
the  steam  engine  is  that  it  cannot  be  overloaded,  and  that  its 
range  of  economy  is  greatly  restricted.  If  a  motor  is  giving 
out  its  full  power  and  more  is  added,  the  motor  will  stop,  as 
there  can  be  no  reserve  when  each  induction  stroke  takes  a 
23 
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cylinder  full  of  explosive  mixture.  On  the  other  hand,  the 
engine  must  not  run  below  its  rated  capacity,  or  the  efficiency 
will  be  greatly  impaired.  In  other  words,  the  economical  range 
of  the  modern  gas  engine  is  at  full  load,  for  reasons  heretofore 
pointed  out.  But  if,  instead  of  taking  a  cylinder  full  of  com- 
bustible mixture  as  our  unit  of  fresh  charge,  we  design  the 
engine  so  that  two-fifths  or  thereabouts  of  a  cylinder  full  of 
combustible  mixture  is  sufficient  for  the  average  load,  with  the 
principle  of  utilizing  the  charge  and  governing  pointed  out,  we 
will  have  a  much  greater  range  in  which  the  engine  may  be 
worked  without  an  appreciable  loss  in  efficiency. 

As  the  compression  changes  only  one-half  as  fast  as  the  cut- 
off with  a  change  of  load,  we  can  have  a  reserve  of  power  even 
if  we  do  release  considerably  above  atmospheric  pressure,  so 
long  as  compression  does  not  go  sufficiently  high  to  cause 
premature  ignition.  Of  course,  loading  such  an  engine  beyond 
its  normal  capacity  may  even  lower  the  efficiency,  as  in  a  steam 
engine,  but  sometimes  the  ability  to  carry  an  overload  for  a 
short  time  far  outweighs  the  necessary  loss. 

The  method  of  retaining  the  products  of  combustion  to  reduce 
the  clearance  and  thereby  raise  the  compression  during  light 
loads  may  be  considered  inadvisable  by  some  authorities,  yet 
others  show  by  experiments  that  the  inert  gas  has  no  injurious 
effect  on  the  incoming  charge,  except  possibly  to  make  it  a  slower 
burning  mixture,  which,  on  account  of  our  method  of  ignition, 
has  no  deleterious  effect.  With  a  fixed  point  of  ignition  and 
a  slower  inflammation  as  the  load  decreases,  a  limit  to  the 
piston  speed  is  reached,  and  is  given  by  some  authors  as 
600  feet  per  minute.  Yet  it  is  evident  that  the  quicker  we 
can  expand  the  gases  the  more  heat  will  be  turned  into  work, 
and  the  less  will  be  transmitted  to  the  cylinder  walls ;  there- 
fore, if  we  can  advance  the  time  of  ignition,  so  that  the  maxi- 
mum pressure  takes  effect  at  the  beginning  of  the  stroke,  the 
piston  speed  may  be  materially  increased  and  the  jacket  losses 
minimized. 

While  no  exhaustive  tests  have  been  made  to  determine  the 
actual  thermal  efficiency  of  the  engine  under  different  conditions 
and  loads,  a  comparison  of  the  amount  of  gas  used  per  brake 
horse-power  with  that  of  the  ordinary  gas  engine,  shows  a  con- 
siderably higher  efficiency,  and  the  author  hopes  the  results  of 
an  actual  test  may  be  presented  to  the  Society  at  its  next  meeting. 
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From  a  mecliaiiical  standpoint,  very  little  improvement  could 
be  desired.  The  lOi"  x  19'  engine  which  developed  50  horse- 
power with  illuminating  gas,  running  at  a  piston  speed  of  700  feet 
per  minute,  either  light  or  loaded  produced  no  perceptible 
vibration,  though  it  was  not  anchored  to  the  foundation,  but 
merely  rested  on  the  wooden  wedges  used  for  levelling  up  the 
engine. 

As  the  cams  and  rollers  are  always  in  contact,  no  noise  arises 
from  the  cams  striking  the  rollers,  and  though  the  poppet  valves 
are  inclined  to  rattle  when  seating,  a  proper  adjustment  of  the 
air  pressure  by  the  pet  cock  in  dash-pot  guide  will  almost  en- 
tirely overcome  the  noise. 

The  worm  gears  necessary  for  driving  the  cam  shaft  must 
run  in  oil  to  be  efficient,  and  in  doing  so  are  noiseless,  and  make 
an  ideal  pump  for  circulating  the  oil  to  the  engine  bearings. 

While  the  length  of  the  engine  is  considerable,  it  is  no  more 
than  that  of  tandem  compound  steam  engines  of  the  same  stroke, 
and  the  height  is  such  that  no  ladders  or  galleries  are  neces- 
sary for  indicating  or  making  accessible  the  working  parts. 
The  engine  from  which  the  half-tone  illustrations  were  taken  is 
fitted  with  a  permanent  reducing  motion  of  such  a  design  that 
pressing  a  spring  starts  the  indicator  drum,  and  pulling  a  string 
stops  it. 

No  oil  is  thrown  from  the  moving  parts,  and  the  working  parts 
are  not  exposed  to  the  evil  effects  of  dust  and  dirt. 

While  the  author  may  have  dwelt  too  long  on  some  points  and 
neglected  others,  it  is  hoped  that  the  ideas  presented,  the  advan- 
tages gained  by  their  fulfilment,  and  the  means  adopted  for 
carrying  them  out,  may  be  of  interest  to  the  Society. 

DISCUSSION. 

Prof  C.  V.  Kerr. — The  cycle  used  by  Mr.  Sargent  is  pro- 
nounced by  Dugald  Clerk  in  the  course  of  his  discussion  of  the 
various  gas-engine  cycles  to  be  more  efficient  than  the  Otto,  in 
which  expansion  is  carried  to  the  volume  from  which  compression 
begins  and  less  efficient  than  tlie  one  giving  expansion  to  atmos- 
pheric pressure.  But  he  can  approach  as  closely  as  he  desires  to 
the  ideal  cycle  and  has  therefore  at  once  taken  a  long  step  in 
advance. 

The  plans  tried  by  gas-engine  builders  to  meet  reductions  of 
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load  have  been  (1)  to  miss  an  explosion  (2)  to  throttle  the  admis- 
sion of  a  mixture  of  constant  quality,  and  (3),  as  Mr.  Sargent  does, 
cut  off  the  admission  of  a  mixture  of  constant  quality  earlier  in 
the  suction  stroke.  The  first  method  results  in  nearly  constant 
heat  efficiency  from  no  load  to  full  load,  but  the  engine  is  sadly 
handicapped  for  modern  work  by  great  variation  in  speed.  In  re- 
gard to  the  second  and  third,  they  are  both  superior  to  the  first 
in  constancy  of  speed  and  there  is  little  to  make  a  choice,  ex- 
cept we  approach  the  question  from  the  side  of  steam-engine  prac- 
tice and  choose  the  automatic  cut-off.  Both,  however,  confess  to 
lowering  the  efficiency,  while  the  load  is  reduced  because  the  com- 
pression is  lowered.     Tests  confirm  this. 

Here  let  me  say  that  I  understand  Mr.  Sargent's  statement  on 
page  316  to  be  that  efficiency  increases  with  compression  because 
while  the  volume  of  mixture  admitted  during  suction  remains  con- 
stant the  cooling  surface  absorbing  heat  from  the  burning  gases 
diminishes  with  higher  compression. 

I  would  add  a  reason.  The  higher  the  compression  with  a  given 
mixture  the  more  intimate  is  the  contact  of  combustible  with  oxy- 
gen, the  quicker  the  combustion  and  the  higher  the  initial  temper- 
ature and  pressure,  thus  approaching  the  condition  of  maximum 
heat  efficiency.  Thus  in  an  engine  using  natural  gas,  the  point  of 
ignition  was  fixed.  A  compression  to  24  pounds  was  followed 
by  a  maximum  pressure  of  27  pounds,  while  with  compression  to 
112  pounds,  the  pressure  ran  up  to  347  pounds.  In  an  ail  engine, 
compression  to  22  pounds  was  followed  by  a  pressure  of  168 
pounds  and  a  compression  of  more  than  30  pounds  was  found  un- 
desirable. On  the  other  hand,  engines  using  blast  furnaces  or  pro- 
ducer gas  find  a  high  compression  necessary.  These  eff^ts  are 
due  to  the  difference  in  heating  power  of  the  fuel.  In  all  cases, 
the  highest  safe  compression  should  be  used. 

This  point  may  be  illustrated  by  considering  the  combustion  of 
the  common  black  gunpowder,  which  is  an  intimate  mechanical 
mixture,  in  comparison  witli  gun-cotton,  nitro-glycerine  or  ful- 
minate of  mercury,  which  are  intimate  inoleciilar  mixtures.  In 
the  gas  engine,  the  safe  limit  to  compression  is  set  by  the  inipreas- 
ing  tendency  of  the  mixture  to  explode  or  detonate  instead  of 
simply  burning. 

Before  passing  from  this  phase  of  the  question  I  desire  to  pay 
tribute  to  Mr.  Sargent's  ingenuity  in  advancing  the  point  of  igni- 
tion as  the  quantity  of  mixture  and  the  compression  are  reduced 
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for  light  load.  The  lower  the  compression  the  slower  the  com- 
bustion, and  hence  the  earlier  the  ignition  should  be  to  secure  the 
maximum  pressure  soon  after  the  beginning  of  the  working  stroke. 
It  is  to  be  expected,  therefore,  that  this  engine  will  show  higher 
efficiency  at  light  load  than  any  engine  yet  built  which  gives  an 
impulse  at  each  point  in  stroke  regardless  of  the  load. 

I  would  venture  to  express  the  opinion,  however,  that  to  secure 
the  maximum  efficiency  as  well  as  maximum  steadiness  of  speed 
at  all  loads  it  will  be  found  desirable  to  use  a  poorer  mixture  and 
higher  instead  of  lower  compression,  together  with  earlier  ignition 
for  the  lighter  loads.  Practical  difficulties  in  design  or  operation 
may  defeat  this.  One  thing  is  reasonably  sure,  this  advance  in 
time  of  ignition  will  enable  any  desirable  piston  speed  to  be 
used. 

Any  one  who  enjoys  an  exhibition  of  inventiveness  will  find  an 
examination  of  the  engine  which  embodies  Mr.  Sargent's  new 
principle  to  be  an  intellectual  treat.  The  governor  appealed 
especially  to  me.  It  is  simple,  symmetrical  and  enables  the  use 
of  aU  the  inertia  forces  in  harmony  to  effect  quick  regulation. 
The  spring  is  not  subject  to  bending  under  centrifugal  force,  and 
the  centre  of  gravity  may  be  put  in  the  centre  of  the  shaft  and 
kept  there  regardless  of  position  of  weights. 
}  Other  points  in  design,  such  as  the  oil  pumps,  the  cylinder  oiler, 
and  the  packing  for  the  stuffing  boxes  are  likewise  ingenious. 
Defects  in  design  exist,  however,  such  as  the  hot  spot  at  each  end 
of  the  cylinder  at  the  bottom  due  to  being  uncovered  by  the 
water  jacket,  but  this  at  least  can  be  easily  remedied  ;  something 
more  serious  may  exist,  however,  in  the  high  explosion  pressures 
felt  just  after  the  change  from  the  Lenoir  to  the  Otto  cycle.  To 
secure  the  engine  against  these,  the  safety  valves  shown  in  Fig. 
Ill  at  the  groups  of  seven  holes  at  each  end  of  the  cylinder  were 
devised. 

I  have  examined  this  engine  in  a  financially  disinterested  spirit. 
It  is  well  constructed,  light  in  weight  for  the  power  developed, 
starts  with  the  greatest  ease,  runs  with  a  minimum  vibration  and 
variation  in  speed  and  regulates  quickly.  From  the  fact  that  any 
one  or  all  of  the  cylinder  ends  may  be  used  to  develop  power  at 
the  same  time,  the  engine  should  show  under  test  a  wide  range 
of  load  at  its  highest  indicated  efficiency.  A  phenomenon  appear- 
ing in  throwing  an  unused  cylinder  into  service  while  running  is 
found  in  the  appearance  of  water  at  the  cylinder  cocks.    The  sec- 
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tion  shown  in  Fig.  115  makes  an  accumulation  of  water  due  to 
leakage  of  glands  impossible,  as  the  exhaust  valves  are  at  the  bot- 
tom of  the  cylinder  and  held  open.  The  unused  cylinder  sur- 
rounded by  the  water  jacket  simply  becomes  a  condensor  for  the 
"water  in  the  products  of  combustion. 

When  the  engine  is  running  at  full  load  the  exhaust  tempera- 
ture is  found  to  be  less  than  350  degrees  Fahr.  at  the  cylinder, 
while  at  a  pet  cock  in  the  exhaust  pipe  some  10  feet  away  the 
hand  could  be  held  in  the  escaping  gases  without  discomfort. 

Mr,  Harrington  Emerson. — I  have  driven  a  mongrel  dog  team 
on  the  Yukon  and  broken  in  wild  horses  on  the  plains,  and  had 
considerable  to  do  with  contractors'  mules,  which  are  a  worse 
variety  than  the  government  mules ;  but  I  never  struck  anything 
which  was  quite  so  capricious  as  the  gas  or  oil  engine,  and  I  am 
here  to  learn  all  I  can  about  it.  The  principle  proposed  by  Mr. 
Sargent,  and  apparently  so  successfully  carried  out,  I  think,  has 
already  been  put  somewhat  into  effect  by  Dugald  Clerk  in  one  of 
his  engines,  and  one  of  the  French  engineers,  Mr.  Forest,  has 
proposed  exactly  the  same  thing.  lie  uses  three  cylinders,  and 
as  he  compresses  the  charge  in  one,  he  passes  a  portion  of  the 
charge  through  valves  actuated  by  cams  over  into  another  cylin- 
der, so  that  he  constantly,  in  the  compression,  is  passing  back 
and  forth  a  portion  of  the  charge  to  another  cylinder,  and  secur- 
ing in  that  way  the  advantage  of  expanding  further  than  could 
ordinarily  be  done.  In  the  gas  engine,  some  of  the  troubles  that 
we  liavc,  arise  from  the  fact  that  it  is  so  absolutely  different  from 
the  steam  engine.  In  the  first  place  there  must  be  perfect  com- 
bustion in  the  cylinder — a  problem  not  met  in  the  steam  engine. 
Secondly,  there  must  be  very  high  compression  if  there  is  to  be 
high  thermal  efficiency.  Thirdly,  undoubtedly  economy  is  secured 
by  tremendous  speed.  Some  of  the  little  French  engines  run 
2,500  revolutions  a  minute.  In  one  of  the  engines  of  5  horse- 
power that  we  designed,  the  valve  had  to  open,  the  charge  had  to 
be  admitted  and  the  valve  had  to  close  in  the  one  hundred  and 
thirty-second  part  of  a  second,  and  the  speed  of  the  exhaust  gases 
was  38,000  feet  a  minute.  Fourthly,  the  gas  engine  is  at  its  maxi- 
mum efficiency  in  practically  small  sizes.  I  think  the  most  effi- 
cient gas  engine  or  oil  engine,  which  is,  of  course,  included  in  it^ 
which  has  ever  been  built  was  of  80  hoi'se-power  only,  and  when 
these  small  ])owers  are  exceeded,  something  seems  to  take  place — 
whether  it  is  difficulty  of  ignition  or  difficulty  of  mixture — the 
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efficiency  falls  oflf.  In  some  of  these  existing  little  engines  of 
only  two  or  three  or  four  inches  diameter,  a  very  high  efficiency 
is  obtained,  owing  to  the  perfection  of  the  combustion.  Now  I 
would  like  to  ask  Mr.  Sargent  if  he  does  not  think  that  the  rare- 
faction of  the  air  due  to  the  heated  cylinder  in  many  cases  ac- 
complishes almost  what  he  has  been  striving  for.  Is  not  less 
mixture  admitted?  Isn't  it  equivalent  practically  to  an  earlier 
cut-off  of  admission  ? 

Mr.  Sargent — I  think  not.  I  do  not  know  of  any  other  engine 
that  cuts  oflf  the  admission  entirely  at  some  part  of  the  stroke. 
Many  engines  throttle  the  mixture,  but  in  that  way  there  is  a  loss. 

Mr,  Emerson. — No,  not  in  throttling ;  I  mean  by  cut-oflf.  Sup- 
posing you  take  the  ordinary  engine,  and  you  admit  the  vapor  or 
the  gas  into  this  very  hot  cylinder,  isn't  it  expanded  to  such  a 
degree  that  you  do  not  get  a  full  charge  ?  Don't  you  get  really 
a  much  reduced  charge,  owing  to  the  fact  that  it  comes  into  such 
a  hot  place  ? 

Mr,  Sa/rgent — You  always  get  a  reduced  charge,  because  it  is 
never  at  atmospheric  pressure. 

Vr.  Emeraoii, — I  mean  owing  to  the  expansion  due  to  the  heat. 

Mr.  Sargent — Some;  yes,  sir. 

Mr.  Emerson. — Would  not  that,  in  many  engines,  to  a  certain 
extent,  accomplish  the  results  you  have  obtained  ? 

Mr.  Sargent — The  diagrams  taken  from  them  do  not  show  it. 

Mr,  Emerson, — Of  course  that  would  be  the  best  way  of  getting 
at  it.  But  I  imagine  there  might  be  very  important  changes  due 
to  expansion  of  the  charge. 

Mr,  Sa/rgent — The  tendency  in  rarefaction  is  to  cool  the  gases. 

Mr,  Emerson. — Not  when  expansion  is  due  to  heat  from  walls 
of  combustion  chamber. 

Mr,  Sargent — Of  course  the  gases  are  heated  some  as  they 
come  in,  but  they  are  heated  much  higher  by  compression. 

Mr.  Emerson. — That  is  true.  But  if  you  admit  a  cool  gas  into 
an  intensely  hot  cylinder,  do  you  get  as  large  a  charge  as  theo- 
retically you  ought  to  ? 

Mr.  Sargent — Theoreticallj^  we  do  not  want  to  have  a  cyl- 
inder full. 

Mr.  Emerson. — ^Well,  do  you  get  much  more  than  half  a  cyl- 
inder full  with  the  cool  gas  ? 

Mr.  Sargent — Yes,  sir. 

Mr.  Emerson. — You  think  so  ? 
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Mr.  Sargent, — I  think  so. 

Mr.  Emerson. — I  think  in  some  of  my  experiments  I  did  not 
get  more  than  half  a  cylinder  when  I  wanted  a  full  cylinder. 

Mr.  Sargent. — If  you  notice,  the  compression  ordinarily  begins 
at  the  end  of  the  induction  stroke  when  a  full  charge  is  drawn  in, 
but,  of  course,  it  may  be  heated  up  some,  so  that  the  real  volume 
is  less. 

Mr.  EmeTBon. — I  am  really  anxious  to  find  out,  as  I  suppose 
many  of  you  are,  in  regard  to  the  operation  of  gas  and  oil  engines, 
and  I  would  like  to  ask  some  questions  of  Mr.  Sargent.  Has  it 
been  your  experience  that  the  greatest  loss  is  in  the  exhaust  in- 
stead of  in  the  cooling  \vater  ? 

Mr.  Sargent — It  depends  altogether  on  the  dimensions  of  the 
cylinder.  In  a  square  cylinder,  the  greatest  loss  is  in  the  exhaust. 
In  a  cylinder  twice  as  long  as  the  diameter,  the  greatest  loss  is  in 
the  jacket. 

Mr.  Emerson. — That  has  been  your  experience  in  that  matter  f 

Mr.  Sargent. — Yes,  sir. 

Mr.  Emerson. — I  supposed  that  nearly  50  per  cent,  was  lost  in 
the  cooling  Avater,  and  only  about  25  per  cent,  in  the  exhaust. 

Mr.  Sargent. — Referring  to  the  paper  that  was  read  here  a  year 
ago,  57  per  cent,  was  accounted  for  in  the  exhaust,  and  about  25 
per  cent.,  I  think,  in  the  cooling  water.  Square  cylinders  were 
responsible  for  these  proportions. 

Mr.  Emerson. — That  was  verv  astonishin«?.  I  saw  that  refer- 
ence.  I  was  not  here  a  year  ago.  A  loss  that  is  not  mentioned, 
I  think,  by  you  is  one  of  the  chief  losses  that  occurs  in  the  cylinder, 
and  that  is  due  to  the  incomplete  combustion.  It  certainly  does 
not  go  out  in  the  exliaust  when  it  dejwsits  in  the  form  of  carbon 
inside  the  engine,  which  is  just  tlie  place  where  we  do  not  want  it. 

With  reference  to  balance,  which  is  one  of  the  most  important 
things  in  all  gas  and  oil  engines,  you  say  that  there  is  no  vibra- 
tion in  this  tandem  engine.  Now,  Avhy  not?  It  seems  to  me  that 
the  tandem  arrangement  is  the  very  one  that  would  produce  the 
most  vibration. 

Mr.  Sargent. — Because  the  conditions  are  practically  the  same 
as  in  a  steam  engine.  In  this  tandem  engine  you  get  compression 
every  stroke,  Avhich  neutralizes  the  inertia  of  the  reciprocating 
parts  ;  while  in  the  single  cylinder  trunk-piston  gas  engine  yon 
have  compression  ever}'  fourth  stroke  only.  In  the  tandem  en- 
gine you  have  a  compression  for  every  impulse,  and  the  inertia  of 
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the  pistons  and  rod  caused  by  the  latter  is  absorbed  by  the  com- 
pression rather  than  by  the  main  bearings  of  the  crank-shaft. 

Mr.  Emerson. — That  is  very  true.  You  get  a  compression  in 
every  single  stroke  balancing  that  way. 

Mr.  Sargent — Yes,  sir. 

Professor  Jacobus. — A  question  has  been  asked  in  regard  to 
whether  the  full  charge  of  gas  and  air  corresponding  to  the  cy- 
linder dimensions  and  pressure  shown  by  the  indicator  diagram 
enters  the  cylinder  of  a  gas  engine.  This  can  be  determined  by 
experiment  if  the  volume  of  the  air  which  enters  the  engine  is 
determined  as  well  as  that  of  the  gas.  The  weight  of  the  enter- 
ing charge  can  also  be  computed  if  we  know  the  analyses  of  the 
gas  used  as  fuel  and  of  the  exhaust  gases.  The  only  case  that  I 
know  of  where  the  air  was  accurately  measured  in  the  test  of  a 
gas  engine  was  in  a  test  made  some  time  ago  by  Messrs  Brooks 
and  Steward  as  a  graduating  thesis  at  the  Stevens  Institute  of 
Technology.  From  data  derived  from  this  test  it  appears  that 
the  volume  of  the  charge  of  gas  and  air  which  entered  the 
cylinder  was  very  nearly  equal  to  the  volume  as  shown  by  the  in- 
dicator cards,  provided  the  heating  eflFect  of  the  exhaust  gases 
retained  in  the  clearance  space  is  allowed  for :  the  temperature  of 
the  latter  being  assumed  to  be  that  of  the  gases  in  the  exhaust 
pipe.  The  jackets,  therefore,  acted  to  such  an  extent  in  cooling 
the  walls  that  the}^  made  the  complete  filling  of  the  C3"linder  pos- 
sible. 

Mr.  J.  F.  Max  Patiiz. — The  cycle  described  by  Mr.  Sargent  is 
not  new.  It  was  proposed  by  O.  Koliler  before  the  year  1S90, 
and  several  gas  engines  working  on  this  principle  have  been  built 
by  the  Gasmotoren-Fabrik  Deutz,  but  the  results  have  not  been 
better  than  with  the  regular  Otto  engine. 

At  present,  Korting  Bros.,  in  Ilanover,  build  gas  engines  ac- 
cording to  this  C3'cle,  and  regulate  their  engines  in  the  manner 
proposed  by  Mr.  Sargent.  See  Professor  Schottler's  book,  "  Die 
Gasmachine,"  third  edition,  ])p.  70  and  143. 

Prof.  Sidiiey  A.  Reeve, — I  should  like  to  say  in  regard  to  the 
general  tenor  of  the  paper  that  I  am  ^^r^^  glad  indeed  to  see  the 
appearance  of  this  engine.  It  has  been  an  attitude  that  I  have 
maintained  for  a  number  of  years  that  ^ve  could  not  possibly  ex- 
pect a  single-cylinder  Otto-cycle  engine  to  develop  into  a  modern 
prime  mover.  The  gas  engine,  from  its  thermal  efficiency,  is 
naturally  classed  as  in  competition  with  triple-expansion  or  com- 
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pound  condensing  steam  engines.  Now,  these  engines  have  al- 
ways two  separate  main  cylinders,  and  often  three  or  four,  and  if 
we  bring  in  the  feed  pumps  and  air  pumps  the  total  number  of 
cylinders  becomes  from  four  to  ten,  or  more.  There  is  no 
hesitation  on  the  part  of  the  buyer  or  engineer  to  face  the 
necessity  for  this  whole  roomfuU  of  machinery  in  order  to  pro- 
duce hirge  amounts  of  power  at  these  high  efficiencies.  At  the 
siime  time  it  is  true  from  many  other  considerations,  chiefly  me- 
chanical  in  nature,  that  the  gas  engine  must  assume  the  general 
multi-cylinder  form  of  construction  before  it  can  hope  to  success- 
fully compete  with  the  steam  engine  in  an  attempt  to  produce  the 
same  results;  that  is,  results  both  thermal  and  mechanical. 

I  also  might  note  a  few  instances  in  addition  to  those  already 
mentioned  which  show  that  the  principle  underlying  the  operation 
of  the  engine  is  not  at  all  new.  There  is  the  Charon  engine,  a 
French  engine,  which  has  been  in  existence  the  last  twelve  years, 
I  think.  It  is  described  in  Mr.  Witz's  book  on  gas  engines,  which 
I  find  is  in  the  library  of  the  society.  Then  there  are  Mr.  Atkin- 
son's famous  engines,  the  diflferential  and  the  cycle.  While  they 
were  not  successful  mechanically,  yet  they  developed  these  higher 
thermal  efficiencies.  I  do  think  that  none  of  the  engines  men- 
tioned have  developed  the  opportunities  which  the  cycle  presents 
in  the  way  in  which  the  engine  described  by  the  author  has  done, 
and  I  think  he  is  to  be  congratulated  upon  the  apparent  engineer- 
ing taste  and  judgment  with  which  he  has  developed  these  fea- 
tures. 

I  might  criticise  him  to  the  extent  of  reminding  him  that  the 
thermodynamic  efficiency  of  the  cycle  is  not  given  by  the  expres- 

T  ^T< 

sion  — W—  Avhich  measures  that  of  the  ordinary  Otto  cycle  when 

Ti  is  the  initial  and  T2  the  final  temperature  of  expansion.  The 
cycle  of  the  author's  engine  is  an  irregular  one,  and  the  efficiency 
equation  has  to  be  modified  from  the  ordinary  one. 

I  should  also  like  to  say  that  the  public  is  undoubtedly  waiting 
very  anxiously  for  thermal  tests  from  this  engine,  and  I  would 
ask  Mr.  Sargent  if  he  has  not  been  able  to  make  some  since  the 
paper  was  prepared. 

I  would  also  sav  to  Mr.  Emerson,  Avho  asked  as  to  the  condition 
m  which  the  charge  enters  the  engine,  that  I  think  the  only 
measurement  of  the  conditions  existing  in  the  cylinder  during  the 
suction -stroke,  which  has  come  to  my  attention,  appeared  in  the 
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Philosophical  Magazine^  for  September  or  October,  1895.  They 
were  reprinted  in  this  country  by  the  Progressive  Age  in  its  issue 
for  February,  1896.  They  record  some  very  fine  determinations 
of  temperatures  existing  in  the  cylinder  at  various  points  of  the 
cycle,  and  by  knowing  the  temperature  we  can  know  the  rare- 
faction of  the  incoming  charge. 

Prof.  Wm.  T.  Magruder, — I  wish  to  congratulate  the  author 
on  the  improvement  which  he  has  eflfected  in  the  throttling 
» method  of  governing  a  gas  engine,  and  on  the  number  of  times  he 
is  able  to  expand  the  charge  by  his  scheme.  It  is  to  be  hoped 
that  he  will  favor  the  society  with  an  additional  paper  giving  the 
results  of  tests  of  the  engines  with  fixed  and  variable  loads.  May 
I  inquire  what  are  the  causes  of  the  diflferences  in  the  two  sets  of 
cards  given  in  Fig.  107,  and  why,  in  the  lower  set,  the  greater  the 
forward  pressure  the  later  in  the  stroke  is  the  maximum  pressure 
reached  ?  This  would  seem  to  indicate  a  decrease  in  inflammabil- 
ity with  increase  of  compression.  It  is  to  be  noted  that  none  of 
the  diagrams  indicate  a  pressure  greater  than  240  pounds  per 
square  inch,  even  with  80  pounds  compression,  or  a  ratio  of 
3  to  1.  Compared  with  the  diagrams  given  in  Professor 
Kerr's  paper  No.  880,  this  ratio  would  seem  to  be  low,  but 
possibly  the  author  may  explain  it  and  state  what  kind  of 
gas  was  used. 

In  the  last  paragraph  of  page  315  of  the  paper,  he  speaks  of 
the  "release  being  at  1,200  degrees  Fahr."  From  observations 
taken  of  the  interior  of  a  gas  engine  while  running,  and  from 
pyrometric  determinations  of  this  temperature  I  am  inclined  to 
the  opinion  that  it  is  considerably  higher  than  1,200  degrees  Fahr., 
and  would  be  glad  to  obtain  experimental  proof  or  disproof  of 
this  commonly  accepted  figure. 

Mr.  Lewis  IL  Nash. — I  would  like  to  call  attention  to  the  dif- 
ference between  this  engine  of  Mr.  Sargent  and  the  engine  that 
throttles  its  charge. 

In  the  4-cycle  engine  we  have  four  distinct  operations.  First, 
the  suction  stroke;  second,  the  compression  stroke;  third,  the 
power  stroke;  and  fourth,  the  exhaust  stroke.  Now,  the  only 
difference  between  the  throttling  engine  and  the  cut-oif  engine 
lies  in  the  first  or  suction  stroke.  That  is  to  say,  if,  in  each  case, 
the  engine  is  to  have  a  cylinder  full  of  combustible  mixture  under 
an  absolute  pressure  which  may  be  indicated  by  a  point  P  upon 
the  indicator  diagram,  then  the  line  of    compression  for  each 
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engine  would  be  indicated  by  the  line  Pe,  the  power  stroke  by  the 
line  cDe^  and  the  exhaust  by  the  line  eA, 

Now,  for  the  suction  stroke  the  cut-off  engine  will  give  a 
line  aBP^  while  the  throttle  engine  will  give  the  line  (shown 
dotted)  AP.  Thence  the  area  of  the  portion  of  the  card  included 
in  the  triangle  aBP  represents  the  total  gain  in  power  due  to  the 
cut-oflE  feature  of  the  engine  over  a  similar  engine  throttling  the 
charge. 

Mr.  Arilmr  J.  Frith, — T  would  like  to  ask  Mr.  Sargent  exactly 
where  the  thermometers  were  placed  in  reference  to  the  exhaust 
valve,  as  I  find  that  the  temperatures  taken  b}'^  thermometers  are 
unreliable  and  do  not  correspond,  even  approximately,  to  the 
temperature  of  the  exhaust  gases.  I  believe  it  is  incorrect  to  use, 
as  Mr.  Sargent  does,  the  reading  of  the  thermometer  as  data  for 
a  discussion  of  the  efficiency  of  the  engine,  since  the  temperature 


Fig.  120. 

has  dropped  enormously  from  that  at  the  end  of  a  power  stroke 
to  the  temperature  of  the  gases  where  the  thermometer  was 
placed.  The  cooling  of  hot  gases  by  running  through  pipes  or 
other  orifices  is  exceedingly  rapid,  and  as  these  temperatures  have 
to  be  taken  probably  on  the  further  side  of  the  exhaust  Vcilve, 
they  are  cooled  by  the  valves  themselves,  and  by  the  water-jack- 
eted  surfaces  over  which  they  run.  In  fact,  in  engines  where  I 
am  satisfied  that  the  terminal  temperature  was  something  like 
1,000  or  900  degrees,  at  10  or  12  feet  from  it,  you  could  easily 
hold  your  hand  over  an  opening,  if  it  were  small.  Thfit  did  not 
mean  that  the  temperature  of  the  exhaust  gases  thermo-dynami- 
cally  speaking,  were  low,  but  that  the  tem|)erature  had  been  lost 
in  the  passages.  It  ought  to  be  undei*stood  that  the  temperatures 
taken  are  not  even  approximate.  In  discussing  these  cycles  theo- 
retically, there  is  no  reason  to  expect  with  the  ordinar}^  gas  engine 
cycle  of  an  explosion  engine  such  as  this  that  a  particularly  low 
tem]3erature  could  be  reached,  even  if  it  were  expanded  down  to 
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the  atmosphere.  The  cycle  is  far  from  being  thermo-dynamically 
perfect,  and  as  it  does  not  promise  a  low  terminal  temperature,  I 
doubt  very  much  if  it  is  actually  obtained.  If  the  thermometers 
show  low  figures,  it  is  simply  because  the  exhaust  gases  are 
cooled  by  coming  through  apertures,  the  temperature  of  which  is 
very  much  less  than  that  of  the  exhaust  gases. 

Mr,  Emerson, — I  would  like  to  say  just  one  word  more,  because 
I  have  tried  that  same  thing.  I  have  tried  with  a  thermometer 
to  find  the  temperature  of  the  exhaust  gas,  and  I  could  hold  my 
hand  in  the  gases  of  the  engine  I  was  experimenting  with  within 
6  inches  of  the  exhaust  valve  without  being  burned,  and  it  looked 
to  me  that  the  temperature  was  not  over  150  degrees,  when  theo- 
retically it  ought  to  be  very  much  higher. 

In  respect  to  Mr.  Sargent's  engine,  it  seems  to  me  one  of  the 
most  important  things  that  that  engine  has  shown  is  that  this 
inimical  vibration  of  the  gas  engine  is  due  to  the  unbalanced  re- 
ciprocating parts,  because  there  are  certain  other  things  that  he 
has  not  balanced.  He  certainly  does  not  balance  the  change  of 
the  centre  of  gravity  of  the  engine,  and  he  does  not  balance  the  re- 
ciprocation. That,  of  course,  you  cannot  balance  in  an  engine  of 
that  kind.  But  apparently,  if  it  runs,  smoothly,  it  is  evident  to 
me  that  the  vibrations  that  are  occurring  in  these  other  engines, 
the  vibrations  noticeable  in  these  small  automobile  engines,  must 
be  due  to  the  unbalanced  reciprocating  parts. 

I  have  just  received  a  report  on  one  of  the  Diesel  engines  in 
Germany.  It  was  a  36  horse-power  engine.  It  was  run  up  to  40 
and  down  to  7  horse-power,  with  practically  the  same  economy. 
With  7  horse-power  there  was  a  larger  consumption  of  fuel,  but 
at  40  horse-power  there  was  simply  an  inappreciably  greater  con- 
sumption of  fuel  than  at  30.  So  that  in  the  Diesel  the  variable  load 
is  combined  with  maximum  economv.  For  some  time  I  have  had 
in  mind  an  arrangement  of  three  cylinders  tandem,  all  double 
acting.  The  larger  low-pressure  cylinder  is  nearest  the  crank,  the 
other  two  are  both  high  pressure  and  alternately  exhaust  into  the 
low  pressure,  which  expands  the  charge  to  atmosphere. 

Some  of  the  advantages  of  this  arrangement  are  that  it  lends 
itself  admirably  to  water  cooling,  not  only  of  walls  and  valves, 
but  also  of  long  piston  rods  and  pistons,  that  packing  is  facilitated, 
as  it  is  easy  to  pack  between  cylinders,  where  leaks  are  not  fatal 
if  they  should  occur,  easy  to  pack  the  piston  rod  as  it  emerges 
from  the  low-pressure  cylinder. 
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In  an  engine  of  this  design  there  is  a  double  impulse  every 
stroke ;  namely,  an  explosion  impulse  from  one  of  the  low-pressure 
cylinders  and  an  expansion  impulse  from  the  exhaust  in  the  low- 
pressure  cylinder. 

An  engine  of  this  design  would  be  as  powerful  as  a  five-cylinder 
single-acting  engine  for  the  same  quantity  of  fuel,  would  be  \erj 
much  cheaper  to  make,  simpler  to  operate,  and  would  show  much 
less  vibration. 

Professor  Jacolus, — Mr.  Frith  Avas  certainly  right  in  what  he 
said  about  the  difference  of  temperature  which  may  exist  at  the 
]K)int  of  release  and  in  the  exhaust  pipe.  In  the  particular  case  I 
have  already  referred  to,  there  was  a  diflference  of  1,200  degrees 
Fahr.  The  temperature  of  the  exhaust  gases  was  measured  by  a 
pyrometer,  and  that  at  the  release  point  computed  by  an  accurate 
method  where  the  total  weight  of  the  working  charge,  as  deter- 
mined from  the  measured  volumes  of  the  gas  used  as  fuel  and  the 
air  entering  the  cylinder,  was  made  one  of  the  factors. 

Mr.  Sargent. — Relative  to  the  remarks  of  the  last  three  gentle- 
men in  regard  to  the  exhaust  temperature  I  would  say  that  the 
proper  place  and  time  to  take  the  exhausfc  temperature  is  before 
the  exhaust  valve  opens ;  because  after  it  opens  there  is  expansion 
and  a  drop  in  temperature.  There  must  be  a  greater  drop  in 
temperature  after  the  exhaust  valve  opens  in  the  engine,  from 
which  diagrams  Figs.  101  and  102  were  taken,  which  is  exhausting 
at  45  or  50  pounds  absolute  than  in  the  engine  under  discussion  that 
exhausts  at  18  to  20  pounds  absolute  ;  so  that  in  reality  there  is  a 
greater  diflference  between  the  exhaust  temperatures  than  that 
which  is  recorded  by  the  thermometers,  even  if  they  are  the  same 
distance  from  the  exhaust  valves.  The  temperature  of  the  ex- 
haust of  the  engine  referred  to  in  the  firet  part  of  this  paper  is 
1,200  degrees  Fahr.  and  the  thermometer — a  copper  ball,  was 
placed  in  the  exhaust  pipe  as  close  to  the  engine  as  possible.  Al- 
thougli  the  temperature  of  release  was  as  high  as  1,200  degrees,  it 
surely  was  a  great  deal  cooler  than  the  temperature  of  the  exhaust 
before  the  exhaust  valve  opened,  and  expansion  from  40  to  15 
j)()unds  absolute  took  place. 

The  mercurial  thermometer,  if  you  will  notice  the  half-tone  Fig. 
ill  of  the  engine  herein  described,  passes  through  the  cylinder 
shell  into  the  exhaust  passage,  and  the  discharged  gases  pass  over 
tlie  thermometer  before  they  reach  the  exhaust  pipe.  If  you  are 
running  one  end  only  of  the  cylinder  you  do  not  get  as  high  an  ex- 
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baost  temperature,  even  with  the  same  terminal  pressure,  because 
part  of  the  time  the  thermometer  may  be  cooling  off,  but  with 
both  ends  working  and  a  continuous  exhaust  striking  the  ther- 
mometer, the  highest  temperature  that  we  get  is  400  degrees 
Fahr.,  and  at  the  time  that  Professor  Kerr  saw  the  engine  operate 
no  water  was  used  in  the  jackets.  I  have  run  the  engine  with  no 
load  without  any  cooling  water  for  half  an  hour  at  a  time,  trying 
to  melt  out  the  lead  piston-rod  packing  and  could  not  do  it  on 
account  of  the  low  average  pressure  and  temperature. 

Now,  it  has  been  suggested  that  this  cycle  has  been  proposed 
before.  That  is  true,  if  by  this  cycle  is  meant  complete  expansion. 
So  was  the  Otto  cycle  proposed  fourteen  years  before  Dr.  Otto 
put  it  into  practice.  All  gas-engine  authorities  say  the  proper 
thing  for  economy  is  to  get  as  complete  an  expansion  as  possible. 
That  is  a  fundamental  principle  laid  down  by  Beau  de  Eochas, 
the  author  of  the  Otto  cycle.  The  Acme  people  compounded  the 
gas  engine,  and  got  a  low  terminal  pressure.  Mr.  Atkinson  got 
low  terminal  pressure — 25  pounds  absolute,  and  the  highest  econ- 
omy ever  attained  at  that  time.  But  there  is  not,  to  my  knowl- 
edge, a  single  diagram  shown  of  an  engine  in  which  you  get 
complete  expansion  by  cutting  oflf  absolutely  the  gas  and  air  at 
some  predetermined  part  of  the  stroke.  I  have  all  the  latest 
English  works  on  gas  engines.  I  have  been  trying  to  find  some 
one  that  has  done  this  and  has  got  as  low  a  terminal  pressure.  In 
fact  all  the  authorities — Donkin,  Clerk,  and  several  others,  say 
that  a  complete  expansion  has  never  been  obtained. 

Relative  to  the  efficiency  of  this  engine,  I  will  state  that  I  have 
never  had  any  chance  to  make  a  thermal  efficiency  test,  but  I 
have  made  a  comparative  test  with  another  single-cylinder  trunk 
piston  Otto  cycle  engine,  whose  effective  cylinder  capacity  was 
practically  the  same;  but  of  course  the  horse- power  was  only  one- 
quarter  of  the  engine  in  question.  With  the  jacket  water  at  the 
same  temperature  in  each  case,  we  got  12-brake  horse-power  with 
the  9-inch  by  14-inch  engine  on  28  feet  of  illuminating  gas  per  horse- 
power hour,  and  with  the  50  horse-power  engine  under  considera- 
tion between  19  and  20  feet  of  gas  per  brake  horse-power  hour. 
One  test  gave  19^  and  the  other  19  9-10  feet.  That  shows  a  great 
deal  better  comparative  efficiency  tlian  we  anticipated.  I  do  not 
know  anything  about  the  heat  units  of  the  gas  at  that  time.  Eival 
companies  were  at  war;  they  were  selling  illuminating  gas  at  40 
cents  a  thousand.     Whether  tliey  clianged  the  quality  or  not  I 
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do  not  know.  At  any  rate,  the  gas  company  probably  did  not 
lose  anything.  The  City  Electrician  at  the  time,  in  testing  the 
gas,  found  it  below  candle-power  as  called  for  by  the  city  con- 
tract. 

*The  loss  to  which  Mr.  Emerson  refers — the  deposit  of  carbon 
in  the  cylinder — should  not  be  considered  in  accounting  for  the 
disposition  of  the  heat  in  the  fuel,  for  the  reason  that  this  deposit 
should  not  occur,  and  will  not  with  perfect  combustion,  which 
is  the  result  of  a  proper  mingling  of  a  correct  mixture  before  ig- 
nition. 

Considering  such  a  loss  is  like  considering  the  loss  of  pressure 
caused  by  a  leaky  valve  or  piston.  It  should  not,  and  need  not, 
exist. 

Referring  once  more  to  that  question  of  the  expansion  by  heat 
of  the  gases  during  suction-stroke,  would  say  that  the  difference 
in  temperature  between  the  cylinder  walls  and  the  fresh  charge  is 
so  little,  compared  to  the  difference  during  inflammation,  that 
there  should  be  a  very  small  transmission  of  heat  from  one  to  the 
other ;  and  the  experiments  to  which  Professor  Jacobus  refers 
corroborate  this  theory. 

If  Mr.  Emerson's  experience  has  been  that  he  gets  only  half  a 
cylinder  full  of  combustible  mixture,  I  think  he  must  have  been 
experimenting  on  that  French  engine  to  which  he  refers,  which 
runs  2,500  revolutions  per  minute,  and  had  such  small  valves  that 
the  speed  of  the  gases  was  over  600  feet  per  second.  It  was  no 
wonder  the  cylinder  did  not  fill. 

I  do  not  agree  with  Mr.  Frith  that  the  temperatures  of  the  ex- 
haust taken  are  not  even  approximate.  If  the  temperature  varies 
with  the  pressure,  which  is  self-evident,  they  must  be,  in  a  meas- 
ure, a  criterion  as  to  comparative  efficiency. 

If  the  pressure  of  release  approaches  atmospheric  pressure,  more 
work  is  delivered  ;  and,  naturally,  we  would  expect  more  heat  to 
be  turned  into  work,  and  the  temperature  of  the  exhaust  gases  is 
sufficient  evidence  of  the  economy  of  this  cycle  over  that  of  en- 
gines  that  release  at  25  to  40  pounds  above  atmosphere. 

I  think,  contrary  to  his  opinion,  that  we  have  every  reason  to 
expect  a  low  temperature  if  we  can  expand  to  atmospheric  pres- 
sure. 

In  the  Charon  engine,  referred  to  by  Professor  Reeves,  a  more 

*  Author's  closure,  under  the  Rules. 
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complete  expansion  than  ordinary  is  obtained  by  driving  out  into 
a  separate  chamber  during  compression  part  of  the  combustible 
charge. 

The  nearest  approach  to  the  cycle  which  the  author  has  used 
is  that  suggested  by  Kohler,  to  which  Mr.  Patitz  refers,  but  in 
this  case,  as  well  as  in  the  Charon  engine  and  all  throttling  en- 
gines, the  compression  varies  with  the  amount  of  fresh  charge 

admitted,  and  the  point  of  ignition  remains  constant. 
28 
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No.  S§0.« 

NOTE  ON  CENTRIFUGAL  FANS  FOR  CUPOLAS  AND 

FORCES. 

BT  WIU^IAM  8AN08TER,  BOSTON,  XABS. 

(Janior  Member  of  the  Society.) 

In  hardly  any  other  class  of  machinery  is  the  method  of 
application  of  so  great  importance  as  it  is  in  the  case  of  centri- 
fugal fans.  The  conditions  of  one  installation  are  usually  so 
different  from  those  of  any  other  that  hard  and  fast  rules  are 
out  of  the  question. 

The  writer,  however,  offers  the  following  formulae  for  the 
power  required  by  centrifugal  fans  in  cupola  and  forge  practice 
with  the  hope  that  they  may  prove  of  service  when  laying  out 
the  power  plants  of  shops,  etc.  They  will  be  found  fairly 
reliable,  with  the  error  as  a  rule  on  the  side  of  safety. 

Cupola  Fans. 

The  amount  of  air  required  to  melt  one  ton  of  iron  in  an  ordi- 
nary cupola  is  variously  estimated  at  from  30,000  to  45,000 
cubic  feet.  In  order  to  obtain  a  safe  formula  the  writer  has 
assumed  this  value  at  40,000  cubic  feet  per  ton.  By  ordinary 
cupolas  are  meant  those  which  melt  up  to  6  or  8  tons  per 
hour.  Since  the  pressure  of  blast  increases  with  the  diameter 
of  the  cupola,  and  the  power  required  to  deliver  a  given  quantity 
of  air  increases  with  this  pressure,  the  formula  is  expressed  in 
unit  terms  of  1  ton  of  iron  melted  per  hour  with  a  blast  pressure 
of  1  ounce  per  square  inch. 

Assuming  that  a  cubic  foot  of  air  at  atmospheric  pressure 
and  at  a  temperature  of  50  degrees  Fahr.,  weighs  .078  pounds, 
we  obtain  for  the  height  of  a  column  of  air  corresponding  to  a 
pressure  of  1  ounce  per  square  inch, 

144 


i6  X  .078 


=  115.4  feet. 


♦  Presented  at  the  New  York  meeting  (December,  1900)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the 
Transactions. 
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The   velocity  of  air  in  feet  per  minute  due  to  that  pressure 

may  be  expressed  

V=60V2gh. 

Substituting  their  proper  values  for  O  and  H  we  have 

F=  5,160  feet  per  minute. 

As  each  ton  of  iron  melted  per  hour  requires  40,000  cubic  feet 
of  air,  that  is,  at  the  rate  of  667  feet  per  minute,  we  shall  re- 
quire as  the  necessary  area  of  orifice  to  deliver  this  amount  at 
1  ounce  pressure, 

667x144      -Q^  .    , 

— F-y^K —  =  lo.D  square  inches. 

The  horse-power  required  will  be  expressed  by  the  formula  : 

VAP 
^''^'  ^  16  X  33,000  X  C ^^^ 

in  which  F=  velocity  of  the  air  in  feet  per  minute. 
A  =  area  of  the  orifice  in  square  inches. 
P  =  pressure  of  the  blast  in  ounces  per  square  inch. 
C=  coefficient  of  efficiency,  allowing  for  friction  of  fan, 
belting,  air  in  piping,  etc.,  in  this  case  assumed 
at  60  per  cent. 
Substituting  the  proper  values  in  the  above  formula  we  have 

„  p  _  5,160  X  18.6  X  1  _ 
•  -  16  X  33,000  X  .60  "■      * 

Since  the  velocity  of  air  varies  as  the  square  root  of  the  press- 
nre,  and  the  area  of  the  orifice  for  a  constant  quantity  varies 
inversely  as  the  velocity,  it  follows  that  the  horse-power 
required  to  deliver  a  given  quantity  of  air  will  vary  directly 
with  the  pressure,  or  since  VA  is  a  constant,  the  power  will 
vary  directly  as  the  pressure  P.  To  obtain  the  horse-power 
required  by  a  cupola  fan  we  may  therefore  use  the  following 
formula : 

H.-P.  =  0.3  TP, 
in  which  T  =  tons  of  iron  melted  per  hour. 

P=:  pressure  of  blast  in  ounces  per  square  inch. 
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Forge  Fans, 

For  ordinary  forge  fires  an  allowance  of  140  cubic  feet  per 
minute  is  ample.  The  usual  pressure  of  blast  is  about  4  ounces 
per  square  inch.  The  velocity  of  air  under  this  pressure,  call- 
ing that  of  1  ounce  5,160  feet  per  minute,  will  be 

5,160  X  V4  =  10,320  feet  per  minute. 

The  area  of  discharge  orifice  equals 

140  X  144      -  ^.  .     , 

— i/TiToA—  =  1-^5  square  inches. 

The  horse-power  required  (from  Equation  1)  equals 

TT  P  ,10^320  X  1.95  X  4_ 

"^  16  X  33,000  X  .60  ~        ' 

or  a  safe  allowance  is  \  horse-power  per  forge. 

Smoke  Exhausters. 

Modem  forge  shops  are  equipped  with  exhaust  systems  for 
removing  the  smoke  and  gases  from  the  fires,  and  delivering  the 
same  at  some  convenient  point  outside  the  building.  In  order 
to  accomplish  this  result  it  is  necessary  to  remove  a  larger 
quantity  of  air  than  is  supplied  by  the  blast,  and  the  fan  should 
be  run  at  a  low  peripheral  velocity. 

A  safe  approximation  will  be  to  exhaust  four  times  the  air 
supplied  by  the  blast,  and  to  drive  the  fan  at  a  peripheral 
velocity  corresponding  to  a  pressure  of  f  ounce  per  square 
inch.  Since  the  horse-power  required  by  a  fan  under  constant 
pressure  varies  as  the  quantity  of  air  delivered,  and,  as  the 
pressure  of  blast  when  the  quantity  is  constant,  we  find  that  if 
the  fan  removes  560  cubic  feet  at  J  ounce  pressure  we  shall 
require  for  each  forge 

H..P.  =  .25  X  J5J  X  :I^  =  .19  H.-P. 

140       4 

or  a  total  allowance  of  .44  horse-power  per  forge. 

On  account  of  the  diminished  first  cost  some  installations 
have  been  provided  with  but  one  fan  for  both  the  blast  and  the 
exhaust  systems.  Such  an  arrangement  is  not  economical,  since 
a  much  larger  volume  of  air  must  be  raised  to  the  higher  pressure 
than  if  a  separate  fan  had  been  used  for  the  exhaust  system. 
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In  the  case  given  above  we  should  have  to  handle  five  times 
140  cabio  feet  of  air  at  4  oances  presstire,  requiring  1.25  horse- 
power, instead  of  .44  horse-power  for  each  forge.  Even  in  a 
small  Bjstem  the  power  saved  by  the  extra  fjau  will  pay  for  its 
cost  in  less  than  a  year's  time. 

Overloaded  Fans. 

One  of  the  most  frequent  errors,  and  also  the  most  expensive, 

of  which  a  fan  user  is  guilty,  is  the  speeding  up  of  a  fan  which 

is  too  small  for  its  work.    It  is  such  a  simple  remedy  for  an 
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insufficient  air  supply  that  the  consequent  loss  of  power  and 
lower  efficiency  is  usually  overlooked. 

The  di^p^m  (Fig.  121)  shows  the  theoretical  horse-powers 
and  pressures  required  to  deliver  volumes  of  air  varying  from 
1,000  to  4,000  cubic  feet  per  minute.  Curve  A  represents  the 
power  required  to  move  this  air  at  1  ounce  pressure ;  curves 
^and  G&1.6  pressures  and  powers  required  to  deliver  a  varying 
Tolnme  through  a  constant  orifice ;  i>the  curve  of  useful  work  in 
moving  volnmes  of  air  at  low  final  pressnies  by  a  £an  of  inadequate 
eapaoity,  which  has  therefore  to  be  driTen-fiHiter  to  handle  the  air. 

Oorve  A  varies  directly  as  the  tvI  tres  and 


358   NOTE  ON  GENTBIFUGAL  FANS  FOB  CUPOLAS  AND  FOBOE8. 

C  as  the  cubes  of  the  volumes ;  while  D  varies  inversely  as  the 
squares  of  the  volumes. 

These  power  curves  have  been  calculated  from  equation  (1) 
with  no  allowance  for  friction,  and  are  shown  for  pressure  raug^ 
ing  from  1  to  16  ounces  per  square  inch. 

A  fan  too  small  for  its  work  is  usually  overspeeded  from  25 
per  cent,  to  100  per  cent.  As  shown  by  curve  2),  this  repre- 
sents a  loss  in  efficiency  of  from  36  per  cent,  to  75  per  cent. 
Take  an  extreme  case,  say  a  fan  of  1,000  cubic  feet  capacity  at 
1  ounce  pressure  ;  by  trying  to  move  with  it  4,000  cubic  feet,  we 
shall  require  16  times  the  pressure  and  16  times  the  power  re- 
quired by  a  fan  of  the  proper  capacity,  with  a  corresponding 
efficiency  of  but  6i  per  ceni 

Another  loss  iu  an  overloaded  fan  occurs  at  the  inlet.  This 
waste  is  due  to  the  head  required  by  the  velocity  of  the  incom- 
ing air,  and  is  shown  by  the  diagram  (Fig.  122),  and  dwelt  upon 
more  fully  in  the  next  paragraph. 

Relation  of  Oudet  Pressure  to  Outlet  Area. 

When  used  as  a  blower  the  ratio  of  outlet  to  inlet  of  a  centri- 
fugal fan  should  be  so  proportioned  that  air  enters  the  fan  with 
the  least  possible  velocity.  Up  to  a  certain  area  of  outlet, 
varying  with  the  style  of  fan,  the  pressure  of  the  outlet  remains 
nearly  constant.  Beyond  this  point  the  pressure  gradually 
drops  until  the  full  area  of  the  fan  outlet  is  reached.  This 
drop  in  pressure  is  caused  partly  by  the  resistance  of  the  air 
passages  of  the  fan,  but  more  particularly  by  the  vacuum  within 
the  fan  inlet.  This  vacuum  is  necessary  to  maintain  the  velocity 
of  the  incoming  air,  and  represents  a  loss  in  effective  pressure 
as  well  as  in  the  efficiency  of  the  fan. 

In  his  work  on  "  Centrifugal  Ventilating  Machines,"  Murgue 
remarks  that  all  of  the  resistances  within  a  fan  may  be  repre- 
sented by  a  thin  plate  having  the  necessary  equivalent  orifice. 
In  a  blower  this  represents  a  further  reduction  of  inlet  area 
and  in  the  volume  of  air  handled. 

Slightly  modifying  Murgue's  formula,  and  calling 
P  =  pressure  corresponding  to  the  tip  velocity  of  the  wheel, 
P^  z=z  pressure  at  the  outlet, 
Pj  =  vacuum  at  the  inlet, 
Aq  =  area  of  the  outlet, 
Ai  =  area  of  the  inlet. 
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■we  have  for  the  pressure  at  the  fan  outlet 
P 


P,=  - 


(2) 


and  foT  the  Tacamn  at  the  fan  inlet, 


.(3) 


The  total  horse-power  input  to  a  fan  is  the  sam  of  the  horse- 
powers at  inlet  and  outlet  plus  the  power  lost  in  friction,  belt- 
ii^,  etc.    The  latter  factor  increases  with  the  load. 
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Mr.  H.  L  Snell*  has  given  the  results  of  some  tests  of  a 
centrifagal  fan,  and  these  have  been  corrected  for  a  uniform 
speed  of  1,490  revolutions  per  minute  and  plotted,  as  shown  in 
the  diagram.     Fig.  122. 

The  horse-powers  at  the  outlet  have  been  calculated  from  the 
outlet  presaores,  corrected  to  a  uniform  speed.     The  dotted  lines 

*  TVwmgrtigiM  American  Societ;  of  Mechanical  Engineers,  vol.  ii.,  page  SI. 
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(Fig.  121)  show  the  averages  of  the  results.  It  will  be  noted  that 
at  the  areas  of  44  and  48  square  inches  the  results  fall  below  the 
curves.  This  is  probably  due  to  the  slippage  of  the  belts. 
The  full  lines  show  the  curves  as  calculated  from  the  pressures 
given  by  the  Equations  2  and  3.  The  actual  pressure  at  full 
outlet  is  lower  than  that  given  by  the  formulae  with  a  corre- 
sponding loss  of  efficiency.  This  is  probably  due  to  the  in- 
creased friction  of  air  within  the  fan. 

The  inlet  area  has  been  taken  at  75  per  cent.,  since  the  pulleys 
form  short  approaches  for  the  entering  air.  The  full  outlet  has 
been  calculated  at  85  per  cent,  of  the  actual  area.  The  loss  of 
power  by  friction,  etc ,  has  been  taken  as  a  constant  .8  horse- 
power. The  velocity  of  air  at  1  ounce  pressure  per  square  inch 
has  been  given  at  5,178  feet  per  minute,  as  per  Mr.  Snell's 
table.  These  deductions  are  of  course  crude,  but  may  serve  to 
illustrate  one  of  the  principal  losses  in  an  overloaded  centri- 
fugal fan,  i.e.,  the  loss  due  to  maintaining  the  necessary  depres- 
sion within  the  fan  inlet  in  order  to  give  sufficient  velocity  to 
the  entering  air. 

This  loss  increases  rapidly  with  the  increased  ratio  of  outlet 
to  inlet  areas,  and  in  a  fan  with  equal  areas  of  inlet  and  outlet 
about  as  much  work  will  be  expended  in  drawing  the  air  into 
the  fan  as  in  expelling  it. 

DISCUSSION. 

Itr,  Henry  L  SnelL — Papers  of  this  class  are  certainly  interest- 
ing, and  if  from  them  we  can  obtain  facts  and  figures,  derived 
from  cases  in  actual  practice,  they  become  very  valuabla 

They  are  contributions  brought  to  our  meetings,  and  dropped 
into  the  treasury  of  our  Transactions^  subject  to  future  draft  by 
any  of  the  members,  when  needed  for  comparison  with  their 
own  work,  to  give  a  value  to  the  constants  in  their  formulae,  or  to 
guard  them  against  erroneous  assumptions  or  assertions. 

Mr.  Sangster's  paper  treats  upon  a  subject  about  which  much 
has  been  written  ;  of  which  little  is  known. 

A  foundry  is  a  dirty  place,  a  busy  place,  sometimes  dangerous ; 
where  visitors  are  always  in  the  way,  and  seldom  welcomed.  If 
we  want  information  it  is  easier  to  call  the  foreman  one  side,  and 
from  him  obtain  our  facts.  We  learn  he  puts  in  so  many  pounds 
of  fuel  for  a  bed,  so  many  pounds  of  iron,  then  fuel  and  iron 
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alteruatelj,  until  he  comes  to  the  charging  door,  and  he  has  a 
total  of  so  many  pounds  of  fuel  and  iron ;  all  weighed  by  the 
wheelbarrow,  or  space  filled,  in  the  cupola;  he  then  starts  np 
his  blower,  and  the  manufacturer  of  it  has  said  in  his  catalogue 
if  it  is  run  so  many  revolutions  it  wiU  give  so  much  pressure.  So 
we  get  the  real  information  of  what  is  the  best  practice  from  a 
practical  man,  who  has  had  twenty  or  thirty  years'  experience  in 
all  kinds  of  work,  with  all  kinds  of  cupolas,  all  kinds  of  blowers, 
all  kinds  of  charging,  all  kinds  of  products ;  and  we  are  assured 
the  methods  he  is  using  in  this  foundry  are  the  best.  We  go 
away  satisfied.  We  are  down  on  the  ground  floor ;  we  know  it  alL 
Perhaps  we  would  remain  satisfied  unless  we  visit  another  foundry, 
and  talk  with  another  melter,  who  has  had  twenty  or  thirty  years 
of  varied  experience,  and  has  satisfied  himself  that  a  furnace 
should  be  charged,  and  handled  so  and  so,  entirely  different  from 
our  first  friend's  experience. 

We  might  visit  twenty  foundries,  find  twenty  long  and  varied 
experiences,  all  different,  all  claiming  to  have  the  best  methods, 
and  getting  the  best  results,  and  come  away  with  the  firm  convic- 
tion that  we  do  not  know  it  all,  or  that  melting  iron  in  a  cupola 
is  an  uncertain  or  mysterious  art ;  or  that  a  great  desideratum  is 
a  collectioQ  of  observed  facts  and  measurements  thrown  into  the 
cupola  of  intelligent  examination  by  analytical  scientific  minds. 

These  remarks  are  not  overdrawn,  and  apply  to  perhaps  90  per 
cent,  of  the  foundries  ;  not  to  the  10  per  cent,  where  the  melters 
are  observers,  students  with  opportunities ;  where  system  and 
knowledge  is  connected  with  their  duties,  and  where  money,  in 
large  amounts,  is  saved. 

This  question  of  the  amount  of  power  required  to  drive  a  cen- 
trifugal fan,  or  any  other  kind  of  blower  in  cupola  practice,  is  dif- 
ficult to  solve  by  means  of  a  formula — so  many  varying  conditions 
enter  into  the  problem.  Mr.  Sangster  has  made  his  contribution 
of  40,000  cubic  feet  of  air  per  ton  of  iron ;  but  to  solve  his  prob- 
lem we  must  have  the  required  air  pressure — an  unknown  or  dis- 
puted quantity — the  value  of  which  we  must  assume.  On  this 
point,  will  some  of  the  members  pass  in  their  contributions? 

A  question  of  vast  importance,  and  worthy  of  careful  considera- 
tion, is  the  selection  of  the  cupola,  the  charging  of  the  same, 
arrangement  of  the  tuyeres,  and  the  selection  and  application  of 
the  blower.  The  man  who  makes  consideration  of  the  first  cost 
of  his  instalment  the  determining  feature,  is  **  penny  wise  and 
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pound  foolish."  With  a  proper  instalment,  it  is  quite  reasonable 
to  assert  that  in  most  any  size  of  cupola  for  most  any  kind  of 
product  a  successful  melting  can  be  obtained  with  an  air  preesure 
perhaps  as  low  as  4  or  5  ounces  per  square  inch,  instead  of  10  to 
16  ounces  now  generally  used. 

Mr.  Sangster's  foimul^  are  based  upon  his  assumption  of  40,000 
cubic  feet  of  air  per  ton  of  iron. 

If  we  substitute  some  other  quantity  in  lieu  of  40,000  cubic 
feet  we  change  all  the  subsequent  values  given  in  his  paper.  I, 
therefore,  hope  that  discussion  may  bring  out  some  information 
upon  this  point,  and  as  my  contribution  I  will  give  the  result  of 
at  least  one  test  that  will  throw  some  light  on  this  question. 
Given  a  plain  cylinder  cupola,  40  inches  inside  diameter  when 
first  lined  up,  but  at  time  of  test  burned  out  so  the  actual  inside 
diameter  was  44  inches;  a  wind  box  surrounding  same  with  a 
cross  section  of  14  by  15  inches,  from  which  connections  lead  to  5 
tuyeres,  each  5  inches  by  7  inches ;  height  from  bottom  plate  to 
bottom  of  charging  door  12—6  inches ;  charge  :  first,  a  bed  of 
800  pounds  of  coke,  then  alternately  2,000  pounds  of  iron  (J  pig,  } 
scrap)  and  200  pounds  of  coke,  until  5  charges  of  iron,  or  5  tons, 
brought  it  to  the  charging  door ;  a  No.  8  Sturtevant  Steel  Pressure 
Blower  at  quite  a  uniform  speed  of  1,800  revolutions  per  minute, 
equivalent  to  a  blast  pressure  of  11  ounces  when  discharging 
through  apertures  within  the  capacity  of  the  blower — round  gal- 
vanized steel  air  ])ipe,  16  inches  in  diameter,  1.4  square  feet  area, 
about  75  or  80  feet  long,  with  3  or  4  elbows  of  long  radius ;  tem- 
perature of  air  entering  blower,  50  degrees  Fahr. 

The  results  of  a  careful  test  are  shown  on  the  following  dia- 
gram (Fig.  123),  which  gives  the  air  pressure  in  ounces  per  square 
inch  taken  from  the  main  pipe  midway  between  blower  and 
cupola,  and  the  volume  of  air  passing  same  point  in  cubic  feet  per 
minute,  from  observations  made  at  intervals  of  5  minutes  through- 
out the  heat.  The  results  shown  by  this  test  are  not  ideal,  or 
perhaps  desirable  ones,  but  you  will  note  that  the  iron  was  melted 
quite  rapidly  and  was  very  hof. 

The  labor  time  sheets  probably  will  show  no  money  loss  in 
waiting  for  iron. 

Possibly  suggestions  may  be  made  whereby  improved  condi- 
tions can  be  obtained  in  our  cupola  practice.  We  often  obtain 
better  knowledge  from  our  failures  than  from  our  successes. 

Possibly  in  this  case  better  results  will  be  obtained  by  reducing 
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the  speed  of  ttie  blower  to  1,250  revolutions,  eqniTslent  to  a  S-onnoe 
blast,  and  nse  not  more  than  one-balf  the  horse-power  to  drive  it. 

From  the  above  test  it  will  be  seen  that  we  melted  10,000 
pounds  of  iron,  and  nsed  215,475  oabio  feet  of  air,  or  43,095  cubic 
feet  per  ton. 

Observe  that  for  the  first  25  minutes  only  2,200  pounds  of  iron 
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were  ready  to  be  drawn  off;  also  at  the  latter  part  of  the  heat  when 
aay,  |  or  }  of  the  cupola  was  empty,  the  flow  of  air  was  much  more 
rapid,  and  the  demand  for  oxygen  much  less. 

I  think  the  whole  test  presents  some  very  pretty  qneations 
and  answeif,  and  as  I  have  never  seen  similar  tests,  I  trust  it 
will  meet  with  careful  cousideration  from  the  members  of  the 
Society,  in  the  hope  it  will  lend  to  other  and  more  careful  tests, 
where    the  fuel  and   iron  will   be  carefully  weighed,  volume  and 
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pressure  of  air  observed,  and  nature  of  the  escaping  gases,  for 
CiOi  and  C1O2  tested,  and  in  the  still  more  important  hope  that 
the  results  thus  obtained  will  be  placed  in  our  contribution 
box. 

In  discussing  that  part  of  the  paper  relating  to  forge  fans  I 
would  surest  that  4  ounces  is,  or  should  be,  unusual.  Consider, 
as  solid  coal  weighs  only  .6  of  an  ounce  per  cubic  inch  with  a 
blast  of  4  ounces  in  the  fire,  we  must  tie  the  coal  down  to  hold  it 
in  place.  Is  it  any  better  engineering  to  run  a  blower  to  4  ounces 
blast  and  discharge  through  reduced  tuyerage  until  we  get  a 
practical  blast  of  1  ounce,  than  it  is  to  carry  100  pounds  pressure 
upon  our  boilers  and  throttle  the  steam  pipe  until  we  get  25 
pounds  in  the  cylinder? 

I  think  the  idea  expressed  in  his  paper  is  good ;  but  his  assump- 
tion of  data  seems  to  me  to  be  excessive,  and  a  reduction  in  the 
blast  pressure  could  be  advantageously  made,  even  for  extraordi- 
nary forge  fires  such  as  ship,  smith,  and,  possibly,  flange  fires.  I 
think  it  good  practice  to  so  design  the  conveying  air  pipe  that 
the  frictional  losses  will  not  exceed  ^  ounce  per  square  inch  in 
the  total  length,  no  matter  how  long.  With  a  properly  selected 
fan  and  ample  tuyerage,  2  ounces  will  probably  be  ample,  and 
the  substitution  of  these  figures  in  Mr.  Sangster's  formula  will  be 
fairly  reliable,  with  the  error  on  the  side  of  safety. 

Mr.  Sangster's  remarks  in  re-smoke  exhausters  are  very  apt, 
and,  what  is  a  safe  approximation,  is  more  a  matter  of  opinion 
than  an  engineering  question.  Evidently  he  desires  to  remove 
not  only  the  smoke  and  gases  from  the  fires,  but  do  some  ventilat- 
ing of  the  shop  as  well.  If  he  will  reduce  his  exhausting  suction 
from  I  ounce  to  i  ounce  or  less,  without  reducing  his  volume,  he 
can  reduce  his  power  and  still  be  on  the  side  of  safety. 

The  theoretical  part  of  his  paper,  I  hope,  will  receive  consid- 
eration fi*om  other  members  of  the  Society. 

Mr.  San(j8te7\* — I  am  glad  to  have  Mr.  Snell's  discussion  and 
data,  and  hope  that  those  of  our  members  who  have  electrically 
driven  fans  and  can  thus  easily  measure  the  horse-power  required 
by  their  cupolas  and  forges,  will  bring  before  the  Society  the 
results  of  their  experiences. 

Regarding  the  question  of  blast  pressures  for  forges,  it  would 
have  been  better  to  say :  "  The  usual  maximum  pressure  of  blast 

*  Author's  closure,  undor  the  Rules. 
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is  4  ounces  per  square  inch."  For  such  rough  assumptions,  how- 
eyer,  it  is  well  to  keep  on  the  outside. 

By  adding  slightly  to  the  amount  of  air  handled  and  power 
required  by  the  cupola  blowers  and  smoke  exhausters,  we  can 
summarize  the  results  into  handy  approximate  formulse  as  follows : 

Onpola  blowers :  Horse-power  =  ^  tons  of  iron  melted  per  hour 
times  the  pressure  of  blast  in  ounces  per  square  inch. 

Forge  blowers :  Horse-power  =  number  of  forges  divided  by  4. 

Forge  smoke  exhauster :  Horse-power  =  number  of  forges  di- 
vided by  5, 


366     POWEB  AND  UaHT  FOB  THE  MACHINE  SHOP  AND  V0T7MDBT. 


JSo.  881.« 

POWEB  AND  LIGHT  FOR   THE  MACHINE  SHOP  AND 

FOUND  sr. 

rORREST  R.  JONE8,  WORCESTER,  MASS. 

(Member  of  the  Society.) 

ALTHOuaH  there  have  been  several  papers  read  before  this 
Society  upon  electric  power  transmission  for  the  machine  shop 
and  foundry,  and  the  discussions  thereon  have  been  extensive 
and  interesting,  the  question  is  of  such  growing  importance  that 
it  is  believed  that  more  attention  can  be  very  advantageously 
given  to  it.  Some  of  the  papers  and  discussions  have  taken  up 
lighting  in  connection  with  power  transmission,  but  this  has 
not  generally  been  the  case.  The  two  are  frequently  so  closely 
connected,  however,  that  one  often  cannot  be  fully  studied  with- 
out the  other.  The  writer  has  recently  had  occasion  to  investigate 
the  plants  of  two  concerns  with  regard  to  electric  power  trans* 
mission  and  light.  In  one  of  these,  the  floor  space  over  which 
light  and  power  are  required  is  about  7  acres ;  in  the  other, 
about  4  acres.  The  arrangement  of  the  floor  space  is  radically 
different  in  the  two  cases.  In  the  first,  there  are  several  build- 
ings entirely  separate  and  at  some  distance  from  each  other, 
and  the  floor  space  is  nearly  all  upon  the  first  floor,  there  being 
a  small  amount  upon  the  second  floor,  and  next  to  nothing  on 
the  third  floor.  In  the  second,  the  floor  space  is  nearly  all 
in  an  L-shaped  building,  partly  of  four  stories  and  partly  of 
three,  and,  in  addition  to  this,  a  small  two-story  structure  set- 
ting close  to  the  other  building  within  the  inner  angle  of  the  L. 

The  output  of  the  establishments  is  in  a  way  similar,  both 
producing  iron  machinery  chiefly.  In  the  smaller  establish- 
ment, the  product  is  much  lighter  in  weight  than  in  the  larger. 
The  operating  machinery  in  the  two  plants  is  quite  similar,  the 
lighter  machinery  is  about  the  same  in  each,  but  the  larger  has 
a  considerable  amount  of  heavy  machinery  which  has  no  conn- 

*  Presented  at  the  New  York  meeting,  December,  1900.  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volame  XXIL  of  the 
Iransactions, 
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terpart  in  the  Bmaller.  Both  plants  were  examined  to  see  what 
xequirements  would  have  to  be  foUGilled  by  an  electric  system, 
or  systemSy  for  power  transmission  and  lighting.  The  first 
examination  was  made  with  a  view  to  determining  whether  one 
or  more  kinds  of  current  (of  the  direct,  single-phase  alternating, 
or  polyphase  class)  would  be  desirable.  In  both  cases  the  same 
conclusion  was  reached,  namely,  that  the  most  feasible  way  to 
meet  all  requirements  would  be  to  adopt  either  one  or  more 
systems  of  electric  circuits,  the  current  to  be  of  the  same  kind 
in  each  system  if  more  than  one  were  used,  such  that  any  elec- 
trical apparatus  to  be  used  in  the  plant,  when  placed  in  the 
location  fixed  for  it,  could  be  individually  and  conveniently  at- 
tached to  the  electric  circuit  at  a  near  point  and  operated  by 
current  therefrom  in  a  manner  suitable  to  the  requirements  of 
the  service  which  the  apparatus  was  designed  to  perform  and  the 
limitations  of  the  service  for  the  particular  locality,  the  latter 
to  allow  for  taking  into  account  the  fact  that,  at  some  places,  a 
motor  must  run  with  a  speed  varying  but  slightly  from  uni- 
formity, while  at  other  places,  and  for  other  services,  considera- 
ble variation  of  speed  might  not  be  objectionable;  also,  that 
while  the  electric  light  might,  in  some  places,  be  required  to 
operate  with  a  uniform  brilliancy  and  absence  of  fluctuation,  as 
in  an  office  or  drafting  room,  there  might  be  other  places  to 
illuminate,  such  as  the  foundry,  casting-cleaning  room,  or  an 
emery  wheel,  where  a  very  considerable  variation  in  its  bril-^ 
Hancy  would  not  impair  its  usefulness. 

The  selection  of  a  single  system  from  which  all  apparatus 
might  be  operated  was  based  upon  the  conviction  that,  for  ma- 
chine shop  and  factory  purposes,  it  is  exceedingly  desirable  to 
be  able  to  interchange  similar  apparatus  and  to  place  any  piece 
of  apparatus  anywhere  upon  the  system,  thus  obtaining  the 
maximum  flexibility  and  greatest  facility  for  operating  portable 
machine  tools  at  any  point,  and  also  to  allow  for  alterations  and 
extensions  of  the  works.  The  study  of  the  requirements  of 
every  form  of  apparatus  which  might  be  brought  into  use  and  de- 
mand current  from  the  system  was  naturally  necessary  in  order 
to  decide  whether  direct  current,  single-phase  alternating,  or 
polyphase,  should  be  used. 

The  oldest  of  machine  tools,  the  lathe,  was  taken  up  first, 
and  since  in  both  establishments  it  was  deemed  advisable  to 
have  some  lathes  driven  individually  by  variable  speed  motors 
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governed  by  hand  controllers,  and  that  the  variation  of  speed 
should  cover,  by  small  steps,  a  considerable  range,  the  only 
thing  which  seemed  satisfactory  for  this  purpose  in  the  present 
state  of  speed  control  for  different  types  of  electric  machinery 
was  the  direct  current.  And,  in  order  that  the  range  of  con- 
trolled speed  variation  might  be  as  great  as  possible,  the  mul- 
tiple voltage  system  appeared  to  be  advisable,  even  though  the 
speed  regulations  were  to  be  made,  for  a  given  supply  circuit 
voltage,  partly  or  entirely  by  rheostatic  control  of  the  current  in 
the  magnet  coils  of  the  motor. 

Other  machines  of  a  nature  in  a  way  similar  to  the  lathe,  so 
far  as  their  driving  is  concerned,  among  which  may  be  included 
the  boring  mill,  drill  press,  shaper,  slotter,  gear  cutter,  and 
screw  machine,  can  be  operated  satisfactorily  under  conditions 
of  speed  variation  similar  to  those  which  answer  for  the  lathe. 

The  planer,  whose  reciprocating  motion  requires  the  reversal 
of  nearly  every  part  of  its  machinery,  presents  a  problem 
which  is  not  yet  satisfactorily  solved  for  electric  driving  by 
a  direct-connected  motor.  Planers,  some  of  them  very  large, 
have  been  driven  by  direct  connected  motors,  but  there  is  room 
for  much  improvement  in  the  method.  The  nearest  solution 
which  has  been  reached  is  to  drive  its  countershaft  in  one  direction 
continuously,  just  as  it  might  be  driven  from  a  line  shaft,  and 
effect  the  reversals  of  the  machine  in  the  ordinary  method  com* 
mon  to  mechanical  driving,  The  ability  to  secure  different  cut- 
ting witli  maximum  return  speeds  for  machines  of  this  type  is 
unquestionably  desirable  when  working  upon  different  kinds  of 
materials,  or  for  taking  heavy  and  light  cuts.  Different  speeds  can 
be  obtained  readily  with  many  types  of  direct-current  motors  by 
rheostatic  control  of  the  field  magnet  current  and,  therefore,  this' 
feature  needs  no  further  attention  than  already  given  to  the  lathe. 

Nearly  all  electric  hoists  and  cranes  are  now  operated  by  con- 
stant-pressure, direct-current  motors.  They  seem  to  be  at  least 
as  satisfactory  as  those  driven  by  any  other  type  of  current. 

Constant-potential,  direct-current  arc  lamps  have  long  shown 
themselves  efficient,  durable,  and  otherwise  satisfactory.  They 
can  be  operated  individually  and  economically  at  any  pressure 
between  100  and  125  volts,  even  though  the  pressure  fluctuates 
considerably.  (It  is  not  intended  that  these  are  the  limiting 
pressures  of  satisfactory  service.)  The  lamp  is,  of  course,  more 
economical  at  its  rated  pressure  without  any  of  its  rheostatio 
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resistanoe  in  circuit.  Incandescent  lamps  have  long  been  oper- 
ated at  from  100  to  110  volts  with  perfect  satisfaction. 

Motors  for  electric  cranes  and  for  general  power  purposes 
about  the  machine  shop  can  be  operated  satisfactorily  at  any  of 
the  ordinary  pressures  for  running  motors,  but  it  was  not 
thought  advisable,  especially  in  connection  with  the  conditions 
to  be  met  in  operating  other  apparatus,  to  give  them  a  pressure 
greater  than  from  220  to  250  volts.  The  higher  the  voltage, 
within  practical  limits,  the  greater  the  economy  of  wire  in  the 
electrical  circuit,  of  course.  But,  even  leaving  the  requirements 
for  other  apparatus  out  of  consideration,  voltage  as  high  as  600 
is  not  desirable  for  the  machine  shop  and  foundry,  for  there  is 
always  a  considerable  degree  of  probability  that  employees  will 
receive  shocks  by  coming  in  contact  with  the  wires  or  machinery. 
The  writer's  experience  has  given  him  sufficient  respect  for  a 
500- volt  circuit  to  make  him  wish  to  keep  others  away  from  it. 

On  the  whole,  it  was,  therefore,  concluded  that  220  volts  for 
the  majority  of  motors,  and  110  volts  for  arc  and  incandes- 
cent lamps,  would  be  the  most  suitable.  These  voltages  can  be 
obtained,  as  is  well  known,  by  the  three-wire  system  which  has 
been  so  long  in  use. 

In  order  to  obtain  information  as  to  the  amount  of  power 
required  for  driving  different  parts  of  the  plant,  numerous  tests 
were  made  upon  individual  machines,  groups  of  machines, 
sections  of  line  shafting,  cranes  and  elevators.  Although  so 
many  data  have  already  been  published  showing  the  power  re- 
quired to  drive  machine  tools  for  iron  working  and  wood  work- 
ing, it  is  believed  that  there  are  some  points  of  sufficient  value 
among  those  obtained  in  these  tests  to  entitle  them  to  attention. 
The  data  given  below  are  of  a  nature  not  generally  found  in  the 
reports  which  have  been  made  upon  electric  driving,  but  pres-ent 
some  rather  unusual  eases. 

The  power  required  to  drive  a  couple  of  lathes,  one  of  48-inch 
and  the  other  36-inch  swing,  was  taken  when  both  were  polish- 
ing hollow  cylindrical  columns,  one  10  inches  in  diameter  and 
the  other  12  inches.  In  both  cases  the  polishing  laps  gripped 
the  work  so  tightly  as  to  keep  the  driving  belt  of  each  lathe  on 
the  point  of  slipping.  The  speed  was  as  high  as  could  be  safely 
used  for  machines  of  this  size.  To  drive  the  two  lathes  to- 
gether under  these  conditions,  something  over  seven  mechanical 

horse-powers  delivered  by  the  motor  to  the  belt  running  from  its 
24 
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pulley  were  required.  It  can  be  seen  that  this  is  considerably  more 
than  is  required  for  a  lathe  performing  any  of  the  operations 
common  to  machine  construction  in  the  ordinary  shop.  It  may 
not  equal  the  amount  of  power  necessary  for  taking  heavy  cuta 
upon  large  steel  shafts,  heavy  gun  tubes  and  jackets,  eta;  it 
does  represent  the  power,  however,  which  must  be  used  as  a 
basis  to  determine  the  size  of  a  motor  to  drive  a  lathe  which 
must  do  such  work  as  demanded  for  these  two.  If  a  number  of 
lathes  for  this  class  of  work  are  to  be  grouped  together,  and 
there  is  a  possibility,  which  is  very  probable,  that  several  of  them 
may  have  polishing  under  way  at  the  same  time,  and  therefore 
demand  a  maximum  amount  of  power,  the  motor  for  driving 
them  as  a  group  must  naturally  have  a  capacity  equal  to  the 
combined  maximum  demands  of  all  of  them,  due  allowance 
being  made  for  its  ability  to  stand  overloading  for  a  short 
period  of  time. 

Although  it  is  well  known  that  the  power  required  to  drive  a 
metal-working  planer  is  generally  greater  on  the  return  stroke 
than  for  the  forward,  or  cutting  stroke,  and  that,  at  the  time  of 
reversal,  the  power  demanded  is  exceedingly  greater  than  at 
any  other  time,  the  following  data  may  not  be  out  of  place. 

Two  planers,  one  with  22-foot  table  and  120  inches  between 
housings,  and  the  other  with  25-foot  table  and  72  inches  between 
housings,  were  both  driven  by  one  motor  belted  to  a  jackshaft, 
which  in  turn  drove  the  two  countershafts  of  the  planers.  The 
following  data  were  obtained  : 

120.INCU    PLANER    WITH    22-FOOT    TABLE    AND    72-INCH    PLANER 

WITH  25-FOOT  TABLE. 

Both  machines  driven  by  one  motor. 
Jackshaft  running  in  all  cases. 

One  countershaft. 

Average  for  120"  planer  on  cutting  stroke,  light  cut,  and  one 

countershaft. 
120"  planer  reversing  from  return  to  cutting  stroke. 
120"  planer  reversing  from  cutting  to  return  stroke. 
Both  countershafts. 

Both  planers  reversing  from  cutting  to  return  stroke. 

Both  machines  were  working  upon  rather  heavy  castings  and 
taking  comparatively  light  cuts  at  short  strokes  over  bosses  and 
parts  of  the  castings  where  other  members  of  the  machines  were 
to  be  attached.     The  power,  therefore,  is  approximately  that 


Amperes. 
^       20 

60 

230 
Volts.  ' 

.55 

110 

27 

240) 
250  f 
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which  would  be  required  to  drive  the  machines  without  taking 
any  cut,  but  carrying  loads  upon  their  tables.  It  may  be 
noticed  that  the  amount  of  power  for  reversing  the  120-inch 
planer  waa  about  1.8  times  that  for  its  average  running  at  time 
when  not  reversing.  When  it  happened  that  both  machines 
reversed  at  the  same  time  from  the  forward,  or  cutting,  to  the 
back,  or  return,  stroke,  the  power  required  ran  up  to  a  very 
great  amount,  more  than  60  mechanical  horse-powers.  This 
amount  of  power  waa  not  indicated  by  the  instantaneous 
extreme  throw  of  the  ammeter  needle,  but  Was  the  reading  at 
which  the  ammeter  stood  steadily  for  some  seconds,  a  period 
long  enouph  to  make  the  demand  distinctly  felt  by  the  engine 
and  generator. 
A  planer  with  a  24-foot  table  and  CO  inches  between  housings 
1  the  following  amount  of  power  required : 

aOJNCB  PLANER  WITH  24-POOT  TABLE. 

7  Shafting  onlj. 

6-9  ForiTKrd  Btroko  wilhoDt  cat. 

10-lS  Light  porUoQ  of  cut  on  roagh  castltig,  i  inch  feed. 

1&-2I>  One  tool  catting  cost  iron  -^  inch  deep  x  i  inch  feed. 

20-25  One  tool  cutting  cast  iron  iV  inch  deep  x  ^  inch  feed. 

20-SS  Catting  1]^  inch  groove  in  cast  iron  nlth  sqnare  nose  tool  ; 
feed  between  -j^  inch  and  A  inch;  groove  not  cored. 

86  Reversing  from  return  to  catting  atroke. 

46  Reversing  from  cutting  to  retam  atroke. 

It  may  be  noticed  that  the  power  required  for  reversing  this 
machine,  especially  from  the  cutting  to  the  higher  speed  return 
stroke,  is  nearly  double  that  for  the  forward  stroke  when 
cutting. 

A  planer  with  a  40-foot  table  and  74  inches  between  hoaaings 
gave  the  following  data.  The  great  power  required  for  revers- 
ing from  the  cutting  to  the  return  stroke  again  stands  out : 

74-lNCH  PLANEK  WITH  40-FOOT  TABLE. 
Catting  speed,  20  feet  per  minute;  two  tools  operating  on  cast  iron  ;  cat  on 
Mcb,  i  inch  deep,  i  Inch  feed. 

'   22  Countershaft] ng  only. 

50  Considerable  portion  of  the  time  while  cutting. 

60  For  Home  moments  nliile  catting. 

Volts.  ]    35  Middle  of  return  stroke. 

M  Reversing  from  return  to  cutting  stroke. 

120  Reversing  from  cutting  to  return  stroke. 


( 
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Of  the  twenty-odd  travelling  cranes  in  one  establishment,  ten 
were  tested  for  the  power  required  to  drive  them.  Of  these  ten, 
some  were  driven  electrically  and  some  mechanically.  The 
majority  of  the  electrical  cranes  were  of  the  ordinary  types  de- 
signed for  electric  driving.  One  was  a  remodelled  crane  which 
had  originally  been  driven  mechanically  by  a  square  shaft  run- 
ning alongside  the  building  parallel  to  the  track.  Some  of  the 
mechanically  driven  cranes  were  furnished  power  by  a  square 
shaft  alongside  the  building  and  parallel  to  the  track,  and 
others  by  a  flying  rope  running  alongside  the  track.  Obviously, 
in  providing  for  the  power  to  drive  a  crane  it  is  necessary  to 
know  the  maximum  amount  of  power  that  it  may  demand  for  a 
period  of  time  great  enough  to  make  the  demand  appreciably 
felt  by  the  generating  plant.  In  this  respect  the  following  data, 
obtained  from  three  electric  travelling  cranes  of  30  tons  capacity 
each,  all  traversing  the  same  track  above  the  foundry  floor, 
show  how  great  may  be  the  demand,  for  an  appreciable  period 
of  time,  by  some  one  of  the  cranes,  and,  with  perfect  possibility, 
by  all  of  them  at  the  same  instant. 

Each  of  the  30-ton  cranes  was  equipped  with  four  motors : 
2")  horse-power  for  bridge  travel ;  8  horse-power  for  trolley 
travel ;  25  horse-power  for  the  main  hoist ;  and  16  horse-power 
for  the  auxiliary  hoist. 

30-TOX   ELECTRIC   TRAVELLING  CRANE  NO.    1. 


fl   g 


o    a 


cfi 


Amperes. 

125  Bridge  starting,  no  load. 

50  Bridge  travelling  uniformly,  350  feet  per  miiiate,  no  load. 

33  to  40  Lowering,  no  load. 


V. 


105 

36 
145 

50 

95 

310  J 
200  V 
150) 


Starting  to  hoist,  no  load. 

Iloisring  uniformly,  no  load. 

Bridge  starting,  20-ton  load. 

Bridge  moving  uniformly,  240  feet  per  minute,  20-ton  loAcL 

Hoisting  20  tons  uniformly  at  10  feet  per  minute. 

General  maneuvering,  20-ton  load. 
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240 
VoltB. 


aO-TON  ELECTRIC  TRAVELLIN0  CRANE  NO.   3. 

Amperes. 

110       Bridge  starting,  no  load. 

65       Bridge  travelling  uniformly,  450  feet  per  minute,  no  load. 
IS        Trolley  starting,  no  load. 
18       Trolley  moving  uniformly,  no  load. 
86  to  50  Lowering,  no  load. 
ISO  to  150  General  maneuvering,  no  load. 
90        Bridge  starting,  20-ton  load. 
50       Bridge  travelling  uniformly,  20-ton  load. 
145        Hoisting,  rapid  start,  20-ton  load. 
115       Starting  to  hoist,  reading  for  8  seconds,  20-ton  load. 
95        Hoisting  20  tons  uniformly  at  10  feet  per  minute. 
260       Bridge  and  trolley  starting,  reading  for  a  few  seconds,  20-ton 
load. 


240 
Volts. 


80.TON  ELECTRIC  TRAVELLING  CRANE  NO.  8. 

Amperes. 

90      Bridge  starting,  no  load. 

50      Bridge  travelling  uniformly,  585  feet  per  minute,  no  load. 
88      Lowering  uniformly,  no  load. 
40  to  45  Hoisting  uniformly,  no  load. 
150      Bridge  and  trolley  starting,  20-ton  load. 
80      Trolley  at  uniform  speed,  20-ton  load. 
84      Hoisting  uniformly  at  11  feet  per  minute,  20-ton  load. 
240      Bridge  and  trolley  maneuvering,  reading  for  three  seconds, 
20-toD  load. 


320 
250 
200 
280 

180 


General  maneuvering,  20-ton  load. 


It  can  be  seen,  by  examining  the  data  obtained  from  these  30- 
ton  cranes,  that,  when  all  the  motions  on  one  were  in  operation 
simultaneously,  and  when  two  or  more  of  the  movements  were 
started  at  about  the  same  instant,  the  demand  made  for  power 
during  this  general  maneuvering  was  very  great  indeed.  The 
readings  given  for  such  general  maneuvering  for  two  of  the 
cranes  when  carrying  a  load  of  20  tons  each,  the  reading  running 
as  high  as  320  amperes  in  one  case  and  810  in  the  other,  repre- 
sent demands  for  current  during  periods  of  from  five  to  six 
seconds  duration,  as  shown  by  the  steady  reading  of  the  needle 
of  a  dead-beat  ammeter.  It  not  infrequently  happens  that 
such  a  condition  comes  about  in  every-day  practice.  That  two 
or  more  of  these  cranes  did,  when  in  regular  service,  make  very 
heavy   demands  for   current  at  the  same  instant,  was  clearly 
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shown  by  watching  the  ammeter  at  the  switchboard  of  the  gen- 
erator supplying  current  to  the  three  cranes  only.  Although 
this  generator  had  sufficient  capacity  to  operate  several  30-ton 
cranes  under  what  might  be  called  average  load,  and  the  mag- 
netic circuit  breaker  for  the  generator  was  set  considerably 
above  the  steady-load  capacity  of  the  generator,  it  was  not  an 
infrequent  occurrence  for  the  circuit  breaker  to  open  up  the 
circuit  on  account  of  the  great  momentary  demands  made  for 
power  by  the  cranes. 

Tests  upon  a  15-ton  electric  crane,  two  5-ton  electric  cranes, 
a  15-ton  flying-rope  crane,  a  15-ton  square-shaft  crane,  and  a  15- 
ton  square-shaft  crane  remodelled  to  be  driven  direct  by  an 
electric  motor,  all  showed  similar  heavy  momentary  demands 
for  current  under  general  maneuvering. 

A  somewhat  surprising  condition  was  found  in  one  of  the  ele- 
vators, which,  during  the  regular  operation  of  the  shop,  was 
driven  mechanically  from  the  line  shaft  by  means  of  a  worm  and 
worm-wheel  connected  to  a  winding-drum  for  the  elevator  cable. 
The  elevator  was  of  comparatively  small  capacity,  and  should 
not  ordinarily  require  probably  more  than  5  horse-powers  to 
drive  it.  But,  apparently  on  account  of  some  faiUt  of  the 
worm  and  worm-wheel  mechanism,  the  very  excessive  amounts 
of  power  shown  in  the  data  given  for  this  elevator  were  some* 
times  required. 

ELEVATOR  OPERATED  DY   WORM  AND  WORM-WHEEL. 
Mechanical  Horrc-powers. 


Going  Up. 
19.2 

Coming  Down. 
10.4 

No  load. 

16.5  to  21.8 

•  •  •  • 

No  load. 

•  •  •  • 

2.5 

.1 

.... 

After  running  some  time. 
One  man  on. 

•  •  •  • 
7.8 

.1 

•  •  •    • 

Coantershafting  onlj. 
2-ton  load,  estimated. 

7.3 

•   •   •   • 

2- ton  load,  estimated. 

When  well  oiled,  15  amperes  were  at  one  time  required  to  lower  the  cage  with* 
out  load  ;  but  for  the  following  trip,  immediately  after,  60  amperes  were  required 
to  lower  without  load.  The  next  trip  down  took  only  15  amperes.  The  same 
yariation  of  power  occurred  throughout  the  test. 

The  worm-and-wheel  mechanism  appeared  to  be  in  proper 
condition,  however,  as  far  as  could  be  seen  by  outside  inspec* 
tion ;  it  was  well  lubricated  by  a  bath  of  oil  and  flake-graphite, 
in  which  the  worm  ran.    Here  seems  to  be  a  lesson  in  the  use 
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of  the  worm  and  vonn-wheel  mechanism  getting  forth  the  fact 
that  oare  ehonld  be  taken  in  its  adjnstment,  and  to  see  that  the 
nibbing  sorfaoes  of  the  vorm  and  wheel  are  kept  in  proper 
condition. 

Two  fans,  nsed  in  connection  with  steam  coils  and  hot-air 
pipes  for  heating  the  buildings,  took  the  following  amounts  of 
power  to  drive  them.  Thej  were  both  of  the  radial-blade,  t&a- 
wheel  type  (the  blades  arranged  as  on  the  paddles  of  a  side- 
wheel  steamboat).  The  casing  of  the  larger  measured  108 
inches  in  diameter  bj  60  inches  wide,  the  latter  measoiement 
taken  parallel  to  the  fan  shaft.  There  were  two  tangential  dis- 
charge openings  in  the  case  :  one  at  the  top,  24  by  60  inofacB) 
and  another  at  the  bottom,  54  b;  28  inches ;  the  lai^er  dimen- 
sions in  both  openings  were  parallel  to  the  fan  shaft  The 
rotating  part  of  the  smaller  fan  measured  60  inches  in  diameter 
by  28  inches  wide.  It  had  a  single  outlet,  29  by  31  inches. 
Each  fan  had  been  installed  by  its  mannfootnrer  in  connection 
with  the  other  parts  of  the  heating  system.  The  larger  one  was 
not  brought  up  to  its  rated  speed  because  the  power  required 
to  drive  it  was  much  more  than  anticipated  when  a  motor  of  20 
horse-power  capacity  was  belted  to  it.  The  slipping  of  the  belt 
was  the  real  limiting  cause  for  not  applying  more  power  with 
the  20  horse-power  motor.  There  was  not  time  to  substitute  a 
larger  motor  or  another  belt : 

108  X  60-INCH  FAN  FOR  HEATING. 

Hevtaaiiical  Hone-po««n.  Revolatloas  per  MIdhM. 


60  X  28-INCH  FAN  FOR  HEATING. 

HecbanloU  Horve-iKiweTB.  BevolaUi 


That  more  complete  data  might  have  been  taken  in  the  above 
tests  is  fully  realized  by  the  writer,  but  at  the  time  of  obtaining 
them  there  was  no  thought  of  making  them  public.  The  work 
was  done  only  to  obtain  an  idea  of  the  power  required  to  drive, 
so  that  the  size  of  motor  might  be  specified. 


r 
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By  examination  of  the  data  given  above,  it  may  be  seen  that 
the  constantly  recurring  and  great  momentary  demands  for 
power  made  by  cranes  and  hoists  would  necessarily  afifect  the 
pressure  in  the  wires  carrying  current  to  them  from  the  switch- 
board in  the  power  house.  Hence  the  circuit  feeding  the  crane 
and  elevator  motors  would  not  be  also  suitable  for  furnishing 
current  to  motors  which  require  to  be  run  at  even  a  fairly  con- 
stant speed,  or  even  hardly  for  incandescent  lights  in  places 
where  a  steady  illumination  is  not  essential.  It  would  be  diffi- 
cult to  find  constant- voltage  arc  lights  which  would  operate  with 
even  a  fair  degree  of  satisfaction  at  the  points  of  greatest  varia- 
tion of  pressure  in  the  circuit.  It,  therefore,  becomes  necessary 
to  have  what  might  be  called  a  "crane  circuit"  for  at  least  the 
majority  of  the  larger  cranes  in  an  establishment  of  the  propor- 
tions of  those  mentioned  earlier  in  this  paper. 

The  incandescent  lights  for  use  in  offices,  drafting  rooms,  and 
possibly  some  parts  of  the  shop  itself,  as  the  tool  room,  and 
where  the  small  and  more  accurate  parts  are  manufactured, 
must  have  a  pressure  in  the  circuit  leading  to  them  which,  at 
least,  does  not  fluctuate  rapidly,  even  though  it  may  be  allow- 
able for  it  to  vary  slowly  to  a  slight  extent.  A  "lighting 
circuit,"  primarily  intended  for  incandescent  lighting,  therefore, 
also  becomes  a  necessity. 

Such  machinery  as  lathes,  drill  presses,  shapers,  milling  ma- 
chines, Blotters,  and  gear  cutters  do  not  ordinarily  need  to  be 
driven  at  a  speed  that  is  even  nearly  uniform.  Variation  of  speed 
on  each  side  of  the  normal  is  allowable  to  a  considerable  extent 
in  many  cases,  provided  the  variation  is  not  a  jerky  one,  such 
as  often  comes  on  line  shafting  used  to  drive  heavy  planers.  A 
third  circuit,  primarily  intended  for  driving  machinery  of  this 
class,  needs  to  be  installed.  This  may  be  conveniently  referred 
to  as  a  "machine-tool  circuit.*' 

Whether  an  iron-working  planer  may  be  placed  upon  the 
machine-tool  circuit  depends  largely  upon  the  size  of  the  planer. 
The  heavier  machines,  on  account  of  the  great  momentary 
demands  they  frequently  make  for  power,  would  be  apt  to  pro- 
duce sudden  and  considerable  variations  of  pressure  in  the 
machine-tool  circuit.  Better  general  operation  of  the  entire 
plant  can  be  obtained  by  placing  them  on  the  crane  circuit. 
The  smaller  planers  can  safely  be  placed  upon  the  machine-tool 
circuit,  thus  obtaining  more  uniform  motor  speed  for  driving 


POWKB  ADD  UGHT  FOR  THE   MACHINE   SHOP  ASD  POUNDKY.      377 

them,  vhile  not  materially  affecting  tlie  pressare  ia  the  latter 
drcnit. 

The  presBore  on  the  machme-tool  circnit  voold  remain 
constant  enough  to  operate  constant-pressnTe  arc  lamps  with 
perfect  satisfaction.  Sach  lamps,  therefore,  maj  be  placed  any- 
vhere  upon  either  the  machine-tool  circuit  or  the  lighting 
oironit,  and  possibly  apoa  some  parts  of  the  crane  circuit  where 
the  flactuatioD  of  pressnre  is  a  minimnm  for  that  circait.  In- 
oandesoent  lights  can,  of  coarse,  be  placed  upon  any  of  the 
circnits.  The  pressure  in  the  machine-tool  circuit  should  be 
sufficiently  constant  to  insure  a  brilliancy  uniform  enough  for 
many  places  in  which  an  incandescent  lamp  is  put. 

Certain  classes  of  machine  tools,  of  which  the  emery  grinder 
for  finishing  reamers,  mandrels,  and  accurately  formed  machine 
parts  is  a  type,  require  a  very  constant  speed  for  the  production 
of  well-made  pieces.  A  jerky  speed,  as  of  a  line  shaft  forming 
part  of  a  system  on  which  are  heavy  metal-working  planers, 
causes  the  grinding  wheel  to  cut  deeply  into  the  work  in  some 
places,  thus  making  a  well-Bnished  product  impossible.  Power 
for  light  machines  of  this  type  may  be  taken  from  the  lighting 
circuit  without  detriment  to  its  constant  pressure.  Desk  fans, 
and  even  larger  ones,  can  also  be  connected  to  the  lighting  cir- 
cnit  without  harm  to  its  constant  pressure. 

On  account  of  the  great  variation  in  the  amount  of  power 
demanded  by  cranes  and  other  classes  of  machinery,  already 
mentioned,  it  was  doubted  whether  all  the  circuits  leading  ont 
through  the  works  could  be  connected  to  the  same  'bus  bars  in 
the  power  house  without  causing  a  fluctuation  of  pressure  great 
enough  at  the  'bus  bars  to  affect  appreciably  the  constant 
brilliancy  of  the  incandescent  lamps  placed  in  locations  where 
the  most  steady  light  would  he  required.  Just  what  would  be 
the  effect  could  not  be  predetermined.  For  this  reason  it  was 
decided  that  the  switcliboard  should  be  so  made  and  the  gener- 
ating machinery  so  divided  into  units  that,  if  the  amount  of 
fluctuation  caused  in  the  incandescent  lights  should  be  too  gi'eat 
when  feeding  all  circuits  from  the  same  'bus  bars,  the  crane  and 
heavy-planer  circuit  could  be  thrown  on  to  one  generator,  and 
the  other  machinery  and  lights  fed  1)y  another  generator.  If, 
as  was  hardly  supposed  would  be  the  case  even  with  this 
arrangement,  the  incandescent  lamps  should  not  bum  steadily 
enough,  there  would  still  remain  the  expedient  of  a  separate 
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generating  unit  for  the  lighting  circuit.  The  supposition  was 
that,  even  though  such  a  separate  lighting  unit  might  be  neces- 
sary at  the  times  when  the  cranes  would  be  performing  their 
heaviest  duty,  which  is  while  running  off  a  heat  in  the  foundry, 
there  might  be  other  considerable  periods  of  time  when  the 
demands  by  the  cranes  would  not  be  sufficient  to  affect  the 
lights  appreciably,  even  though  all  were  operated  from  the  same 
'bus  bars.  Such  being  the  case,  the  lighting  unit  would  have 
to  be  operated  a  small  part  of  the  time. 

It  seemed  advisable  to  install  at  least  two  generating  units 
exactly  alike,  and  to  have  one  small  unit  which  might  be  used 
for  furnishing  the  current  to  run  one  or  two  machine  tools,  or 
even  a  small  electric  hoist  or  elevator,  when  there  might  be  a 
demand  for  such  service  on  account  of  making  repairs,  or  operat- 
ing some  one  or  two  machines  on  holidays,  or  in  case  of  a 
breakdown.  Such  a  unit  to  be  driven  independently  of  the  main 
power-plant,  so  that,  even  though  the  fires  might  be  dead  under 
the  boilers,  this  extra  unit  could  be  operated.  A  unit  consist- 
ing of  a  small  generator  driven  by  a  water  wheel,  or  by  a  gas  or 
gasoline  engine,  would  answer  such  a  purpose.  Two  large  units, 
running  in  parallel,  for  carrying  the  bulk  of  the  load,  or  sepa- 
rately for  dividing  it  between  them  in  case  the  cranes  and  heavy 
planers  would  have  to  be  driven  separately  from  the  other 
machinery,  would  give  a  desirable  division  of  the  power  units 
for  night  work  and  when  operating  only  a  part  of  the  plani 
This  would  give  an  opportunity  for  repairing  the  generating 
units  without  hindering  the  running  of  the  entire  establishment. 

Direct-connected  units  were  selected  as  most  suitable.  While 
it  is  not  believed  that  great  multiplicity  of  generating  units  is 
desirable,  it  is  thought  certainly  better  to  have  at  least  two  main 
units  for  the  reason  already  stated. 

A  motor-generator  was  decided  upon  as  the  best  apparatus  for 
balancing  the  two  sides  of  the  three-wire  circuit.  In  a  plant 
where  the  installment  of  electrical  machinery  for  power  trans- 
mission goes  on  gradually  the  motor-generator  may  be  made 
of  an  ordinary  commercial  motor  and  a  generator,  directly  con- 
nected together.  When  the  demand  upon  them  becomes  too 
great  for  their  capacity,  they  may  be  replaced  by  larger  machines 
and  used  for  motors  in  some  part  of  the  establishment.  It  was 
not  thought  that  a  storage  battery  would  be  as  satisfactory  for 
balancing  the  system  as  the  motor-generator. 
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'iTlie  qoestiou  of  individual  driving  or  groap  driving  of  the 
machine  tools  naturally  came  np.  The  solution  depended  almost 
wholly  upon  the  convenience  of  arranging  the  tools  for  group 
driving,  or  the  necessitj  of  driyiiig  some  individually  on  account 
of  the  location  each  should  occupy  in  order  that  it  might  perform 
its  special  fonctions  to  the  best  advantage.  As  to  what  would 
he  the  most  efficient  limit  for  the  smallness  of  motors  for  driving 
did  not  once  come  up.  And  the  writer  has  been  led  to  believe, 
by  close  examination  of  these  two  plants  and  the  more  general 
observations  of  many  others,  that,  except  for  very  light  machinery, 
there  is  seldom  any  need  of  cousidering  which  would  be  the 
most  efficieot  method  of  driving,  group  or  individual ;  or  what 
would  be  the  smallest  size  of  motor  to  be  used  for  groups,  the 
limit  of  subdivision  being  based  upon  considerations  of  efficient 
power  transmission.  Convenience  of  operation  and  the  methods 
of  securing  the  greatest  amount  of  oatpnt  from  operatii^ 
machinery  are  of  so  mnch  greater  moment,  in  most  cases,  than 
economy  of  driving  in  pounds  of  coal  saved  that  the  latter  sinks 
into  insignificance  in  comparison  with  the  former.  Where  it 
is  desirable  to  have  a  machine  driven  at  a  variable  speed  of  such 
a  nature  that  it  can  be  obtained  only  by  a  corresponding  varia- 
tion of  speed  in  the  source  of  its  power,  then,  in  the  general 
case,  it  is  undoubtedly  better  to  drive  that  machine  individually 
by  a  variable  speed  motor,  whatever  the  amount  of  power 
required  for  driving  it.  On  the  contrary,  if  there  is  a  number 
of  machines  whose  speed  regulation  can  be  satisfactorily  secured 
through  the  ordinary  mechanical  connection  with  a  uniformly 
rotating  shaft,  and  if  they  can  be  grouped  together  and  still  per- 
form their  functions  to  the  best  advantage,  then  unquestionably 
the  best  method  of  driving  is  to  use,  within  the  limits  of  con- 
venient arrangement,  as  few  motors  as  possible. 

The  installation  of  small  hoists,  suitable  for  serving  machine 
tools  when  the  work  handled  is  generally  too  large  for  one  man 
to  put  in  place,  is  one  of  the  improvements  in  the  modem  ma- 
chine shop  which  has  worked  much  benefit  and  saved  much 
time.  When  the  work  to  be  lifted  varies  in  weight  from  75  to 
500  pounds,  it  is  believed  that  the  pneumatic  hoist  is  generally 
best  for  the  purpose.  To  be  of  most  service  it  shoald  ^ways  be 
available ;  therefore,  one  hoist  can  serve  only  a  small  number  of 
machines  at  most  This  being  the  case,  there  is  no  objection  to 
having  it  attached  to  tlie  feeder-pipe  line  by  a  hose  of  only 
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sufficient  length  to  allow  it  to  reach  the  machines  lying  in  its 
field  of  operation.  The  cheapness  and  simplicity  of  the  pneu- 
matic hoist,  as  compared  with  the  electric  or  any  other  form 
suitable  for  the  purpose,  are  so  strongly  in  its  favor  that  it 
seems  to  have  no  competitor  in  this  particular  field.  The  air 
compressor  for  serving  such  a  hoist  is  probably  best  electrically 
driven  when  of  not  too  great  capacity,  but  if  the  size  must  be 
large,  a  steam  compressor  forming  a  unit  in  itself  seems  best,  it 
being  assumed  that  water-power  is  not  available. 

The  conveying  of  materials  and  machinery  from  building  to 
building  and  through  the  yards  of  a  large  establishment  must 
needs  be  done,  if  done  expeditiously,  by  some  form  of  indus- 
trial railway.  The  form  of  locomotive  most  suitable  for  this 
purpose  is  not  easy  to  decide  upon.  The  horse  hardly  enters 
into  consideration,  and  men  are  too  expensive  for  the  purpose. 
On  account  of  the  necessity  of  running  through  shops  contain- 
ing finished  product  and  valuable  machines,  a  steam  locomotive 
cannot  be  used  on  account  of  the  deleterious  fumes  thrown  out, 
not  to  mention  the  fire  risk.  The  compressed-air  locomotive  ap- 
pears to  have  proved  more  expensive  in  operation  than  the  elec- 
tric for  such  purpose,  and  the  choice  seems  to  be  guided  toward 
the  latter.  Current  can  be  furnished  for  the  electric  locomotive 
most  conveniently  and  economically  by  the  overhead  trolley 
system  outside  of  the  buildings  and  wherever  else  trolley  wires 
can  be  erected.  In  most  places  inside  the  buildings,  however, 
the  trolley  cannot  be  used,  so  some  other  means  must  be  ob- 
tained for  furnishing  current  to  the  locomotive.  There  seem  to 
be  two  methods  that  merit  consideration,  namely,  by  the  storage 
battery  and  by  the  contact  system  of  a  shoe  underneath  the 
locomotive  rubbing  against  contact  points  placed  alongside  or 
between  the  tracks.  The  writer  is  in  doubt  as  to  which  would 
be  the  more  suitable.  The  storage  battery  has  the  advantage 
that,  with  it,  the  locomotive  can  be  run  to  any  part  of  the  track 
connected  with  the  establishment,  even  though  trolley  wires 
have  not  been  erected,  and  can  be  operated  when  the  elec- 
trical circuits  have  no  current  in  them  and  when  the  plaint  is 
otherwise  shut  down.  The  period  of  time  during  which  the 
locomotive  can  be  operated  under  these  conditions  is  limited  to 
the  capacity  of  output  of  the  storage  battery,  of  course.  The  ex- 
orbitant price  demanded  for  the  storage  cell  makes  the  cost  of 
installation  heavy,  and  the  fact  that  the  battery  itself  is  liable  to 
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rapid  deteriorafdon  in  the  hands  of  snoh  persons  as  are  generally 
pat  in  ohai^  of  it  in  the  machine  shop  is  a  point  very  strongly 
against  it.  The  underneath-contact  system  has  been  Baocess- 
folly  operated  for  years  in  some  plants,  and  new  and  important 
improTemeDts  have  recently  been  made  in  it.  It  is  believed  to 
be,  so  far  as  its  practical  operation  is  coDcemed,  by  far  the  most 
Batis&ctory  system  that  can  be  used  inside  the  buildings.  While 
we  have  no  positive  information  upon  the  cost,  it  is  believed 
that  the  expense  of  installation  where  there  is  a  great  amount  of 
track  inside  the  buildings  might  be  quite  large.  The  electric 
locomotive  of  each  at  the  above  types  could,  of  coarse,  be  satis- 
factorily operated  on  a  220-ToIt  electric  system. 

While  watching  the  operations  of  electric  travelling  cranes, 
frequently  when  in  the  cage  with  the  operator,  the  writer  has 
always  been  impressed  with  the  need  of  fewer  levers  for  con- 
trolling the  different  motions.  In  a  travelling  crane  with  a  single 
hoist,  there  are  three  controllers,  each  with  its  individual  lever ; 
one  for  the  motion  of  the  bridge  along  the  stationary  track  on 
which  the  entire  crane  runs,  one  for  the  traverse  of  the  trolley 
across  the  bridge,  and  a  third  for  hoisting  and  lowering  a  load. 
Jf  the  crane  has  an  auxiliary  hoist,  which  is  very  common  in 
practice  where  two  are  needed,  then  a  fourth  controller  and  its 
lever  are  added.  On  account  of  the  necessity  of  quickly  grasp- 
ing and  moving  one  lever  after  another,  the  operator  is  apt  to 
move  them  more  quickly  and  further  than  is  necessary,  thus 
ihrowing  on  a  sudden  heavy  current,  which  strains  and  racks  the 
machinery.  This  is  the  usual  occurrence  when  quick  time  must 
"be  made. 

It  would  not  be  a  difficult  or  expensive  task  to  have,  for  a 
single-hoist  travelling  crane,  one  lever  to  control  any  one  of  the 
three  motions,  and  another  to  control  the  remainiug  two  mo- 
tions. One  lever  could  control  tlie  bridge  travel  and  tlie  other 
both  the  hoisting  and  trolley  traverse,  the  hoisting  by  moving 
the  lever  in  a  vertical  plane  and  the  trolley  traverse  by  moving 
it  horizontally.  A  combination  of  these  two  motions  of  this 
lever  would  control  both  the  boist  and  traverse  at  the  same 
instant. 

For  a  crane  having  a  main  and  an  auxiliary  hoist,  each  of  two 
levers  could  control  two  motions.  One  could  control  the  main 
hoist  and  traverse,  and  the  other  the  auxiliary  hoist  and  bridge 
travel.     By  such  a  method  of  two-lever  control  the  saving  of 
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time  and  machinery  would  amply  repay  the  extra  expendihue 
necessary  for  suitably  arranged  controller  levers,  the  additional 
cost  of  which  need  not  be  very  great. 

Indicator  cards  were  taken  from  the  five  engines  furnishing 
power  for  the  mechanical  driving  system  of  one  of  the  plants. 
These  cards  were  taken  at  the  time  when  the  load  upon  each 
engine  was  at  the  maximum  value  that  it  was  found  to  reach 
during  a  period  of  half  an  hour  to  an  hour.  The  aggregate 
indicated  power  for  mechanical  driving  thus  obtained  amounted 
to  something  over  500  horse-power.  Cards  were  taken  from  the 
same  engines  in  order  to  find  the  power  necessary  to  drive  the 
line  shafting,  countershafts,  jackshafts  and  all  other  apparatus 
which  ordinarily  ran  when  no  operating  machine  or  crane  was 
at  work.  It  was  found  that  this  frictional  horse-power  was 
considerably  over  one-third  of  the  amount  found  by  taking  the 
maximum  for  each  engine,  as  stated  above,  when  operating  the 
machinery.  Cards  taken  covering  a  considerable  period  of 
time  show  that  in  each  case  the  power  required  of  the  engine 
was  much  less  as  an  average  from  morning  till  night  than 
obtained  for  the  maximum  load.  While  no  actual  calculations 
were  made  to  determine  the  ratio  of  the  frictional  horse-power 
to  that  for  this  average  load,  it  was  very  clearly  shown  that 
the  indicated  horse-power  of  the  engine  for  average  load  was 
only  about  twice  that  for  friction.  Each  engine  drove  its  own 
system  independently  of  the  other  engines.  Still  other  engines 
were  used  for  generating  currents  for  the  electric  cranes  and  a 
few  electrically  driven  machines  and  sections  of  line  shafting. 

While  the  results  of  tests  upon  several  electric  motors  con- 
vinced the  writer  that  as  high  a  degree  of  economy  as  is  often 
set  forth  for  such  machinery  could  probably  not  be  obtained 
in  a  commercial  machine  built  to  withstand  heavy  loads  and 
rough  service,  he  was  certainly  convinced  that  a  great  saviug  of 
the  power  wasted  on  friction  in  the  mechanical  transmission  sys- 
tem could  be  saved  by  electric  driving.  It  was  found  that  eleotrio 
motors,  manufactured  by  well-known  concerns  who  make  the 
best  of  apparatus,  required,  for  a  10  horse-power  motor, 
about  1  electrical  horse-power  to  run  it  without  load,  there 
being  no  belt  upon  the  pulley,  and  when  the  only  frictional 
resistance  to  be  overcome  was  at  the  journals  and  brushes. 
The  latter  were  adjusted  to  bear  lightly  against  the  commutator, 
which  was  smooth  and  otherwise  in  good  condition.     Under 
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the  same  conditions  a  20  horse-power  motor  required  abont  1.5 
horse-power  to  driye  it  light,  and  a  25  horse-power  motor 
required  at  one  time  1.75  horse-power,  but  later,  after  the  com- 
mutator had  become  slightly  roughened  by  heavy  overloading, 
it  took  fully  2  horse-power  to  run  it  lighi  Several  other  motors, 
of  sizes  ranging  from  7.5  horse-power  to  50  horse-power,  showed 
similar  demands  for  power  to  run  them  light.  The  motors 
were  the  products  of  several  different  manufacturers.  The 
instruments  used  for  taking  the  readings  of  current  and  pressure 
were  of  the  Weston  portable  type.  One  was  calibrated  at  the 
Weston  factory  during  the  test,  and  the  others  compared  with  it. 

On  one  motor  of  20  horse-power  capacity  it  was  noticed  that 
the  speed  kept  gradually  increasing  for  some  time  after  starting, 
until  it  became  5  per  cent,  greater  than  at  first,  or  more, 
although  the  line  voltage  and  load  remained  constant,  and  no  ad- 
justment was  made  on  any  part  of  the  motor  or  its  attachments. 
The  increase  took  place  when  the  motor  was  completely 
left  alone.  After  an  hour  or  two  the  increase  ceased,  and  the 
speed  remained  constant  The  speeding  up  was  probably  due 
to  weakening  of  the  field  magnets  caused  by  the  gradual  heating 
of  the  field  coils,  and  the  reduction  of  field  current  by  the 
increased  resistance  of  the  field  circuit  on  accoant  of  its  heat- 
ing. Such  an  increase  of  speed  was  not  noticed  on  other 
motors. 

Although  the  writer  has  just  stated  what  might,  by  mistake, 
be  taken  as  objections  offered  by  him  to  the  use  of  direct-current 
machinery,  and  might  give  opportunity  to  set  forth  the  great 
advantages  of  synchronous  and  induction  motors,  which,  on 
account  of  the  absence  of  commutators,  and  even  of  collector 
rings  in  the  latter  type,  do  away  with  all  the  frictional  commu- 
tator resistance,  and,  in  addition,  afford  the  utmost  simplicity 
of  construction,  he  wishes  nevertheless  to  affirm  that  he  believes 
the  direct-current  machinery  to  be  by  far  the  most  suitable 
for  such  cases  as  those  in  hand,  although,  on  the  other  hand, 
he  believes  that  there  are  many  cases,  especially  when  a  uni- 
form rate  of  speed  is  essential  without  speed  variation  governed 
by  a  controller  between  fixed  limits,  where  alternating- 
current  machinery  is  by  far  the  most  suitable.  While  we  often 
hear  of  the  faults  and  frailties  of  direct-current  machinery,  it 
must  not  be  forgotten  that  the  direct-current  generator  and 
motor  were  the  pioneers  in  the  field  of  the  commercial  applica- 
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tion  of  electricity  to  lighting  and  power  transmission,  and  that 
the  tales  of  woe,  true  of  the  early  machines,  have  a  tendency  to 
cling  unjostly  to  the  more  modern  direct-current  machinery, 
although  it  has  been  so  improved  as  practically  to  free  it  from 
all  the  faults  of  its  younger  days,  and  to  make  it  as  reliable 
and  durable  as  the  steam-engine.  Neither  should  it  be  forgotten 
that  the  alternating,  and  especially  the  polyphase,  machine 
coming  on  at  a  later  date  had  the  advantage  of  all  the  knowledge 
gained  through  some  years  of  costly  experience  with  direct- 
current  machinery,  and  therefore  does  not  have  hanging  around 
it  any  of  the  disagreeable  reminiscences  that  are  apt  to  follow 
the  latter. 

One  great  advantage  of  electric-power  transmission  in  the 
machine  shop  is  that  of  having  a  means  of  furnishing  power  to 
portable  machine  tools,  either  large  or  small,  at  any  part  of  the 
works  where  suitable  circuits  are  run.  It  is  such  a  strong 
point  in  favor  of  electrical  transmission  that  it  deserves  being 
ever  kept  before  the  minds  of  those  who  have  to  do  with 
machine  shop  and  factory.  The  time  that  can  be  saved  and 
the  greater  accuracy  of  work  that  can  be  secured  upon  many 
kinds  of  large  machine  members,  by  setting  them  upon  a 
machined  plane-surface  floor  with  slots  and  holes  for  inserting 
bolts  to  clamp  them  down,  and  then  bringing  portable  machine 
tools  to  them  with  the  crane,  railway,  or  truck,  each  to  perform 
its  own  special  operation,  make  this  method  of  procedure  worthy 
of  consideration  by  the  manufacturer  and  builder  of  heavy 
machinery.  The  heavy  casting  can  be  set  upon  a  flat  metallic 
floor,  and  made  ready  for  the  tools  to  operate  upon  it  almost 
invariably  more  quickly  than  it  can  be  set  for  any  machine  tool 
occupying  a  fixed  location.  If  the  casting  requires  the  opera- 
tions of  several  kinds  of  stationary  machine  tools,  it  must  be  set 
again  and  again,  as  many  times  as  there  are  permanently  located 
machines  required  to  do  the  work.  To  set  a  portable  machine 
tool  with  a  plane-machined  base  upon  a  level  iron  floor  and  to 
bring  it  into  position  for  working  upon  a  casting  also  upon  the 
floor  occupy  but  a  fraction  of  the  time  necessary  for  setting 
the  casting  in  position  for  a  stationary  machine  tool.  More- 
over, several  portable  machines  may  be  brought  into  action 
upon  one  casting  at  the  same  time.  This  is  seldom  true  of 
machines  fixed  in  location. 

The  writer  hopes  to  see,  and  believes  he  will  see,  in  no  great 
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period  of  time,  many  builders  of  heavy  machinery  doing  their 
work  in  this  manner. 

Why  carry  a  heavy  machine  member  about  the  shop  to  this 
place  and  that,  and  waste  time  setting  it  again  and  again 
before  different  machine  tools,  when  many  of  the  tools  can 
so  easily  and  quickly  be  brought  to  the  machine  part  and  put  to 
work  upon  it  ? 

DISCUSSION. 

Mr.  F.  V.  Henshaw, — ^Mr.  Jones's  paper  is  a  valuable  addition 
to  the  general  data  on  electric  power  in  machine  shops.  In 
the  various  papers  that  have  been  read  before  this  Society  on  the 
subject,  the  points  chiefly  dealt  with  have  been  economy  of 
power  and  the  advantages  due  to  flexibility,  convenience,  absence 
of  overhead  countershafts,  etc.,  resulting  from  the  use  of  electric- 
ity. All  these  advantages  have  been  amply  demonstrated  in 
practice,  with  the  result  that  the  use  of  electric  power  in  machine 
shops  and  mills  has  increased  enormously.  The  Penooyd  Iron 
Works,  National  Tube  Works,  and  the  Baldwin  Locomotive 
Works  are  good  illustrations  of  this.  The  Pencoyd  Oompany  has 
at  the  present  time  some  4,400  horse-power  capacity  in  motors, 
and  it  may  be  interesting  to  know  that  their  average  load  is 
under  600  horse-power. 

In  regard  to  general  economy,  I  would  quote  the  statement  re- 
cently made  at  the  Franklin  Institute  by  Mr.  Vauclain,  to  the 
eflfect  that  the  use  of  electric  power  in  the  Baldwin  Locomotive 
Works  had  resulted  in  a  saving  equivalent  to  some  20  per  cent, 
on  the  pay-roll,  and  40  per  cent,  in  shop  area  for  a  given  output. 

I  mention  these  few  illustrations  out  of  many,  merely  to  indi- 
cate the  present  status  of  electric  power  in  large  works.  There 
is,  however,  a  branch  of  tbe  subject  which  has  been  given  scant 
treatment  in  the  present  and  in  previous  papers,  but  which  is  of 
tbe  greatest  importance,  and  which  embraces  possibilities  of  econ- 
omy vastly  greater  than  could  be  effected  by  any  saving  in  power. 
I  refer  to  the  operation  of  variable  speed  tools  by  individual 
motors. 

Mr.  Jones  merely  touches  the  surface  of  this  question  in  his 
remarks  relative  to  individual  and  group  driving,  where  he  states 
that  '^  convenience  of  operation  and  the  methods  of  securing  the 
greatest  amount  of  output  from  operating  machinery  are  of  so 
much  greater  moment  in  most  cases  than  economy  of  driving  in 
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pounds  of  coal  saved,  that  the  latter  sinks  into  insignificanctr  in 
comparison  with  the  former."  This  statement  is  the  text,  how- 
eyer,  of  my  argument ;  and  the  most  interesting  problem  in  the 
use  of  electric  power  now  before  us  is  to  determine  tlie  best  means 
of  accomplishing;:,  by  means  of  the  electric  motor,  all  the  results 
in  speed  regulation  that  are  now  obtained  by  mechanical  means, 
and  adding  to  their  effectiveness  enormously  by  increasing  the 
rapidity  and  convenience  with  which  these  changes  can  be  se- 
cured. 

The  ideal  condition  would  be  represented  by  a  lathe,  say,  with 
its  motive  power  contained  within  it  so  that  it  could  be  located 
entirely  without  regard  to  anything  but  the  greatest  economy  of 
space  and  convenience,  and  so  arranged  that  by  **  pressing  a 
button  '*  any  cutting  speed  could  be  instantly  obtained  over  the 
whole  range,  of  say  from  15  to  75  feet  per  minute  with  diameters 
of  work  varying  in  the  ratio  of  20  to  100.  I  believe  the  increased 
output  of  a  shop  equipped  with  such  tools,  particularly  on  a 
piece-work  system,  would  be  very  great,  and  would  amply  repay 
the  cost  of  the  investment  in  the  special  machinery. 

The  main  questions  to  be  determined  are,  first :  what  is  the 
best  and  cheapest  method  of  obtaining  this  result,  and  second,  in 
what  cases,  nature  of  work,  sizes  of  tools,  it  will  pay,  and  in  what 
cases  in  will  not. 

I  fear  that  hitherto  the  mechanical  and  electrical  engineers 
have  failed  to  get  together  sufficiently  to  understand  each  other 
on  this  subject,  hence  much  vagueness  and  lack  of  results.  It 
may  therefore  be  of  interest  briefly  to  go  over  various  practical 
methods  of  obtaining  speed  control  in  electric  motors,  together 
with  their  limitations.     The  three  vital  factors,  of  course,  are : 

(1)  Horse-power  required. 

(2)  Maximum  range  of  speed. 

(3)  Relation  between  torque  and  speed. 

Variable  speed  tools  can  be  divided  into  two  distinct  classes. 
First:  Tools  in  which  the  cutting  speed  is  variable,  but  in 
which  the  torque  is  constant  for  a  given  cut  and  kind  of  material 
worked.  The  planer  is  an  example  of  this  class,  and  the  condi- 
tions are  such  that  changing  the  cutting  speed  simply  increases 
or  decreases  the  horse-power  required  in  proportion  to  the  speed. 
This  is  a  comparatively  easy  condition  to  meet  in  an  electric 
motor,  as  it  is  a  very  simple  matter  to  increase  the  horse-power 
-"*  ^he  motor  without  loss  of  efficiency  or  inherent  regolatioii. 
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proTiding  this  inorease  is  due  to  increased  speed  without  in- 
oieaaed  torque.  The  problem  of  the  reverse  in  the  planer  is  an- 
other question,  and  I  would  say  that  I  think  this  can  probably  be 
settled  satisfactorily  by  the  use  of  either  pneumatic  or  magnetic 
clutche&  I  hope  to  have  some  data  from  actual  experience  be- 
fore long  on  the  use  of  such  devices. 

The  second  class  includes  tools  like  lathes  or  boring  mills,  in 
which  not  only  must  the  cutting  speeds  vary  over  a  great  range, 
but  also  over  various  diameters  of  work,  and  it  is  evident  that 
other  things  being  equal,  the  torque  on  the  motor  will  vary 
directly  with  the  diameter  of  the  work,  and  the  motor  speed  will 
vary  inversely  as  this  diameter.  This  makes  a  most  difficult  con* 
dition  for  the  economic-speed  control  of  an  electric  motor,  as  it 
requires  from  the  motor  an  increasing  torque  with  a  decreasing 
speed,  which  is,  of  course,  equivalent  to  increasing  the  horse-power 
by  increasing  the  torque  instead  of  the  speed,  a  condition  which  is 
precisely  the  reverse  of  that  alluded  to  in  the  case  of  the  planer. 

Now  as  to  how  to  accomplish  the  results  named  above,  con- 
sider the  following  facts. 

The  speed  of  a  direct  currect  electric  motor  can  be  varied : 

(1)  By  resistance  in  its  field  circuit  over  a  maximum  range  of 
about  100  per  cent.,  or  1  to  2,  with  high  efficiency,  with  practi- 
cally unlimited  steps,  and  by  a  very  simple  device.  On  the  other 
hand,  the  motor  must  be  relatively  large  for  its  output,  and  the 
range  of  speed,  as  will  be  seen,  is  comparatively  small. 

(2)  By  resistance  in  its  armature  over  a  range  practically  from 
zero  to  full  speed,  by  means  of  simple  apparatus,  and  with  a 
motor  relatively  small  for  its  output.  With  this  method  the  effi- 
ciency is  very  low  at  the  lower  speeds.  For  instance,  at  half 
speed  there  is  just  as  much  power  wasted  in  the  resistances  as  is 
used  in  the  motor,  and  at  lower  speeds  there  is  correspondingly 
greater  loss.  What  is  even  more  serious  than  the  loss  of  econ- 
omy is  the  fact  that  the  self-regulating  power  of  the  motor  is  en- 
tirely destroyed  at  the  lower  speeds,  so  that  in  operating  machine 
tools  the  speed  of  the  tool  at  the  beginning  and  end  of  the  cut 
would  increase  greatly  above  the  speed  while  cutting.  Probably 
a  reduction  in  speed  of  50  per  cent,  by  this  method  is  as  much  as 
could  be  satisfactorily  used  in  most  machine  tool  work.  This  is 
not  enough  to  be  of  advantage  by  itself,  but  is  extremely  useful  in 
obtaining  the  small  steps  in  combination  with  other  methods  of 
obtaining  the  large  steps,  as  will  be  explained  hereafter. 
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(3)  By  special  construction  of  motor  having  two  commutators 
and  two  windings,  three  speeds  can  be  obtained  over  wide  range 
with  high  economy,  good  regulation,  and  no  resistances.  The 
variations  between  these  three  steps  must  be  obtained  by  methods 
1  and  2  or  both.  Such  a  motor  as  this  can  be  driven  by  a  stand- 
ard 2-wire  current  supply.  The  disadvantages,  however,  are 
that  the  motor  is  relatively  very  large  and  expensive  for  its  out- 
put, and  being  extremely  special  has  the  disadvantage  incident 
to  anything  not  a  standard  article.  Also,  where  the  range  is 
large — that  is,  4  to  1  and  over — the  gaps  to  be  filled  in  between 
the  three  speeds  represent  a  large  range  of  themselves,  and  may 
go  beyond  the  limits  which  can  be  economically  and  satisfactorily 
filled  up  by  methods  1  and  2. 

(4)  By  what  is  called  the  Ward  Leonard  system,  requiring  two 
machines  of  equal  size  and  an  external  source  of  power.  With 
this  method  a  range  of  from  zero  to  full  speed  vdth  almost  un* 
limited  steps  can  bo  obtained.  This  is  practically  a  perfect 
method  of  speed  control,  and  leaves  nothing  to  be  desired ;  but  the 
great  first  cost  and  the  multiplicity  of  machines  to  care  for  have 
made  it  impractical  except  for  use  in  special  cases,  where  fine 
speed  adjustment  and  convenience  of  manipidation  are  so  valu- 
able as  to  outweigh  the  disadvantage?. 

{5)  By  a  multiple  voltage  system,  any  desired  range  of  speed 
may  be  obtained  with  high  economy  and  with  perfectly  standard 
motors  relatively  small  for  their  output.  The  only  disadvantages 
of  this  sytem  lie  in  the  fact  that  it  is  necessary  to  run  at  least 
four  wires  to  the  motors  and  to  iise  a  special  machine  for  splitting 
up  the  voltage  of  the  circiiit.  The  system  is  extremely  simple, 
and  consists  in  distributing  current  to  the  motors  at  several  dif- 
ferent voltages,  the  ratios  of  the  voltages  being  the  same  as  the 
ratios  of  the  speeds  it  is  desired  to  obtain.  I  might  describe  it 
by  stating  that  in  the  case  of  a  machine  tool  we  could  have  one 
voltage  corresponding  to  each  step  of  a  cone  pulley.  By  the  use 
of  four  wires  we  can  obtain  six  speeds  over  any  range  required  in 
practice,  and  the  intervals  between  these  six  speeds  can  be  ob- 
tained efficieutlv  and  easily  bv  either  of  the  methods  1  and  2  if 
desired.  The  total  numl)er  of  s(>eed  variations  obtainable  is 
practically  without  limit,  a  very  large  number  of  speeds  merely 
resulting  in  an  increase  in  the  size  of  the  motor  regulator. 

The  various  voltages  might  be  obtained  by  having  one  dynamo 
for  each  voltage.     A  better  method  for  general  service  is  to 
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one  or  more  standard  dynamos,  as  the  case  may  be,  generating 
current  at  250  Tolts.  A  balancing  transformer  is  connected  into 
the  main-supplj  circuity  consisting  of  three  or  more  small  ma- 
chines mounted  on  one  base  and  direct-connected.  These 
machines  are  so  wound  that  they  split  up  the  voltage  of  the  main 
generator  in  the  required  ratios.  Wires  from  this  balancing 
transformer  and  from  the  main  line  are  then  run  to  all  motors 
which  operate  variable  speed  tools.  All  the  rest  of  the  machin- 
ery— namely,  all  machines  such  as  grinders,  very  small  lathes, 
sharpers,  etc.,  fans,  blowers  and  pumps,  and  other  machinery 
which  can  be  operated  by  constant«peed  motors,  travelling 
cranes — as  well  as  all  lights,  would  be  supplied  from  the  250-volt 
main. 

The  balancmg  motor^ynamo  is  a  very  simple  machine  requir- 
ing  scarcely  any  attention,  and  would  not  be  of  excessive  size  and 
cost.  It  has  simply  to  be  large  enough  to  balance  the  unequal 
distribution  of  the  speeds  and  power  among  the  various  tools.  I 
will  not  elaborate  this  further,  as  I  have  already  made  this  dis- 
cussion rather  long. 

The  above  methods  of  speed  control  refer  to  direct-current 
motors,  which  I  consider  preferable  for  general  machine  shop  work. 
The  arguments  on  the  question  of  direct  versus  alternating-current 
power  distribution  are  too  lengthy  to  enter  into  at  this  time.  I 
will  add,  however,  that  with  alternating-current  motors,  method 
1,  which  is  of  extreme  value,  cannot  be  used.  There  is  a  method 
for  regulating  alternating-current  motors  analogous  to  method  3 ; 
namely,  by  changing  the  connections  of  the  stationary  winding. 

There  is  also  a  method  analogous  to  method  5,  which  consists 
in  a  multiple  wire  system  supplying  current  at  different  frequencies 
to  the  motors.  Whether  these  or  other  methods  of  regulating 
alternating-current  motors  can  be  brought  to  the  same  state  of 
perfection  as  the  methods  of  regulating  direct-current  motors 
cannot  yet  be  stated,  but  there  are  indications  that  they  cannot, 
and,  generally  speaking,  in  the  present  state  of  the  art,  I  think 
that  the  best  engineering  is  to  use  alternating  currents  purely 
for  long  transmission  and  direct  currents  for  distribution. 

I  believe  that  the  problem  I  have  emphasized  can  be  success- 
fully and  economically  solved  by  the  multiple-voltage  system  here 
mentioned.  It  is  already  in  use  to  a  small  extent,  but  is  com- 
paratively new,  and  exact  information  as  to  economical  results 
obtainable  is  not  yet  available. 
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While  I  do  not  wish  to  be  considered  a>s  one  of  the  enthusiasts 
alluded  to  by  Mr.  Bockwood  at  Hartford  in  ISOT,  I  do  not  hesi- 
tate to  state  my  belief  that  the  operation  of  variable-speed  ma- 
chine tools  of  the  larger  sizes  by  individual  electric  motors  and 
without  cone  pulleys  or  change  gears  will  be  the  common  practice 
within  two  years  at  most. 

As  to  the  cases  where  it  will  not  pay,  I  would  say  that  I  think  such 
will  embrace  only  tools  of  a  very  small  size  and  shops  where  there  is 
so  little  work  done  that  the  tools  are  idle  a  great  part  of  the  time. 

I  would  like  to  bring  one  further  point  forward  ;  namely,  that 
in  working  out  the  problem  as  here  outlined  it  is  absolutely  nec« 
essary  to  get  data  as  to  actual  power  required  to  drive  machine 
tools,  in  order  to  secure  economy  in  cost  of  equipment.  In  my 
experience,  there  are  comparatively  few  machine-tool  makers  or 
users  who  know  accurately  how  much  power  their  tools  require. 
Just  at  this  time  the  problem  is  also  complicated  by  the  intro- 
duction of  new  tool  steels  which  permit  an  enormous  increase  in 
cutting  speed.  As  an  illustration  of  the  effect  of  this  on  the 
power  system,  I  would  compare  Mr.  Jones's  results  (given  on  page 
371)  with  some  tests  I  obtained  using  such  tool  steel  on  a  10-foot 
by  30-foot  planer,  working  extremely  hard  steel  with  one  tool 
cutting  1^  inches  deep;  feed,  5.44  inches;  speed,  15  feet  per 
minute;  average  horse-power,  29^;  maximum  horse-power,  32. 
Compare  with  Mr.  Jones's  results  of  about  15^  horse-power  aver- 
age and  18^  horse-power  maximum,  on  a  planer  not  much  smaller^ 
but  cutting  cast  iron  according  to  common  practice.  The  planer 
in  my  case  reversed  at  26  feet  per  minute,  and  took  a  trifle  less 
power  to  reverse  than  Mr.  Jones's  74-inch  planer,  though  there  was 
a  weight  of  at  least  15  tons  on  the  bed.  The  planer  was  driven  by 
the  9^-inch  single  belt,  running  about  1,500  feet  a  minute,  and  I  fancy 
the  makers  allowed  about  15  horse-power  to  drive  the  machine. 

I  must  register  an  objection  to  Mr.  Jones's  statement  on  page 
369  in  regard  to  electric  cranes,  that  direct-current  motors  are  ^'  at 
least "  as  satisfactory  as  those  driven  by  "  other  type  of  current." 
The  fact  of  the  matter  is  that  the  direct-current  series  motor  is 
as  nearly  perfect  for  the  operation  of  cranes  as  anything  can  be, 
and  at  the  present  time  there  is  no  other  type  of  electric  motor 
that  can  compare  with  it  for  this  service. 

Mr,  Forrest  Tt,  Jones* — Since  the  four-wire  system  of  electrical 


*  Author's  closure,  under  the  Rules. 
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distribation  for  obtaining  multiple  voltages  has  been  mentioned 
in  the  discussion,  it  may  be  said  that  this  was  considered  along 
with  the  other  methods.  One  of  the  manufacturiug  establish- 
ments using  the  four-wire  system  and  individual  motors  for  the 
machine  tools  was  examined  at  the  time  of  laying  out  the  plans. 
But,  as  stated  in  the  body  of  the  paper,  it  was  decided  better — 
principally  on  account  of  first  cost — to  adopt  the  three-wire  sys- 
tem. If  there  should  be  a  machine,  or  machines,  in  any  part  of 
the  shops  requiring  a  great  range  of  speed  by  minute  gradations, 
a  motor  generator  made  up  of  two  separate  machines  coupled 
together  mechanically,  or  a  2-commutator  double-wound  ma- 
chine, could,  of  course,  be  installed  near  the  machine  tool  and 
used  to  drive  its  motor  by  the  Ward  Leonard  system  or  by  split- 
ting the  voltage  on  one  side  of  the  three-wire  system,  so  as  to 
obtain  more  voltages  to  be  used  in  connection  with  variation  of 
field  strength  for  securing  the  required  speed  control.  For  the 
ordinary  large  machine  shop  and  foundry  this  is  believed  to  be 
as  satisfactory  as,  and  far  less  expensive  than,  the  installation  of 
the  complete  four-wire  system,  even  though,  as  would  generally 
be  the  case,  not  more  than  two  or  three  of  the  four  wires  are  to 
be  carried  to  many  parts  of  the  works. 

As  to  motors  for  electric  cranes  and  hoists,  there  are  certainly 
types  of  altemating-polyphase-current  motors  which  have  been 
used  for  this  purpose,  and,  although  the  writer  has  not  seen  them 
in  operation,  he  has  information,  which  he  believes  to  be  perfectly 
reliable,  that  they  operate  with  very  good  success.  Other  things 
being  equal,  however,  his  selection  would  be  the  direct-current 
motor  for  this  purpose. 
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s  for  placing  it  at  an  extreme  end,  and  this  ia  oce  reason 

f  the  plant  ia  interesting.     Exhaust  ateam  of  two  or  three 

'a  preasnre  is  carried  800  feet  from  the  engine  room  to  the 

mary,  and  is  perfectly  effective  in  doing  the  heating. 

pCtee  of  the  drawings  here  reproduced  (Fig.  124)  shows  the  pipe 

I  one  end  to  the  other.     At  the  engine  room  it  receives 

ist  steam,  and,  if  it  ia  insnfficient,  a  make-up  aapply  is 

I  from  the  boilers  through  a  reducing  valve  to  the  exhaust 

Kpe.    As  it  is  necessary  to   provide   against  interruption   of 

e  hy  the  failure  of  the  reducing  valve,  there  is  a  stop  valve 

I  side  of  it,  and  a  by-pass  through  which  a  supply  can  be 

I  by  hand  regulation,  the  upper  limits  of  presanre  being 

Ulermined  by  a  safety  valve.     Near  the  infirmary  a  separator 

I  been  inserted  in  the  pipe  for  the  pnrpoae  of  removing 

ter  in  order  to  avoid  water-hammer  in  the  infirmary.     The 

ter  collected  by  this  separator,  and  all  other  condensations 

1  returns,  are  returned  to  the  boiler  house  by  pamps  in 

Vdaplicate. 

The  infirmary  uses  steam  of  moderately  high  pressure  for 

I  iteriliziug,  and  a  3-inch  pipe  is   carried   over  to  convey  such 

The  opportunity  of  making  this  useful  for  duplicating 

r  the  steam  supply  for  heating  was  taken,  and  at  the  infirmary  a 

loanch  from  this  is  run  to  the  low  pressure  pipe  with  proper 

valves,  and  reducing  valve. 

The  fioor  level  of  the  boiler  and  engine  rooms  is  placed  nine 
feet  below  the  surface  of  the  ground,  and  a  coal  pocket  capable 
of  containing  about  100  tons  of  coal  is  provided  below  the 
ground  level,  the  fioor  of  the  pocket  being  level  with  the  other 
floors.  This  pocket  ia  covered  with  steel  beams  with  brick 
arches  between.  There  are  a  number  of  openings  in  the  roof  of 
the  pocket  so  that  coal  can  be  emptied  directly  from  carta  into 
the  pocket.  This  reduces  the  labor  of  unloading  and  renders 
ooal  handling  machinery  unnecessary. 

Coal  is  slioveled  into  iron  cars  which  are  rolled  on  a  track 
directly  in  front  of  the  boilers,  a  acale  tor  weighing  being 
inserted  at  one  end  of  the  boiler  room.  In  one  corner  of 
the  pocket  there  is  a  hydraulic  plunger  elevator  for  raising 
ashes. 

It  was  necessary  to  employ  vertical  boilers  in  order  to  econo- 
mize floor-space,  and  those  used  were  designed  by  the  firm  of 
which  T  am  a  member,  the  object  of  the  design  being  to  permit 
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internal  examination,  and  thus  to  convert  guess  work  into  knowl- 
edge as  to  their  condition.  Their  general  design  and  some  of 
their  details  are  presented  in  Figs.  125-131  herewith. 

In  order  to  render  the  combustion  comparatively  smokeless 
with  bituminous  coal,  the  crown  sheets  of  the  boilers  are  placed 
eight  feet  above  the  grates,  and  the  result  is  remarkably  good, 
smoke  being  rarely  seen,  and  never  but  slightly. 

As  there  is  but  little  room  between  the  boilers  and  the  main 
steam  pipe,  each  pipe  from  the  boilers  is  taken  out  of  the  back 
and  passes  between  boilers  in  order  to  obtain  sufficient  length 
for  flexibilityc  Inspection  of  the  plan  of  the  boiler  room  (Fig.  132) 
will  show  that  each  of  these  pipes  is  very  long,  considering  how 
near  to  the  boilers  the  main  steam-pipe  is.  This  flexibility  is 
quite  important  with  vertical  boilers,  because  a  hot  boiler  is 
somewhat  higher  than  a  cold  one. 

There  are  two  feed  pipes  to  each  boiler,  one  for  the  ma'n  feed 
and  one  for  returns.  By  this  means  a  disagreeable  snapping  of 
the  pipes,  which  sometimes  occurs  where  feeds  of  different  tem- 
peratures are  mixed,  is  avoided.  Tlie  opportunity  to  make  a 
cross  connection  from  one  feed-system  to  the  other  was  made 
use  of,  so  that  there  is  a  duplicate  feed-system. 

The  blow-off  pipes  are  taken  to  a  tank  which  discharges  to  the 
sewer,  but  this  pipe  is  also  connected  to  the  injector  suction,  so 
that  the  water  in  any  boiler  can  be  pumped  into  any  other. 
This  is  an  emergency  provision  which  would  be  valuable  if  the 
city  water-supply  should  be  shut  off,  as  sometimes  oocurSy 
whereby  the  water  in  a  boiler  out  of  service  could  be  used. 

One  interesting  feature  of  the  station  is  the  economizer.  This 
is  a  Green,  and  is  divided  into  two  parts,  either  or  the  whole 
being  capable  of  heating  the  feed  for  the  boilers,  or  of  heating 
water  for  domestic  uses  in  the  hospital 

As  usual  the  smoke-flue  arrangement  is  such  that  the  econo- 
mizer can  be  isolated  and  cleaned.  The  draft  is  controlled  by 
an  automatic  damper  regulator. 

As  room  is  scarce,  and  as  the  smoke-flues  enter  the  chimney 
at  a  high  level,  the  interior  of  the  lower  part  of  the  chimney  is 
used  to  contain  a  spiral  stairway  to  connect  the  ground  level 
and  the  floors. 

In  the  pump  room  there  is  a  duplex  vertical  Blake  feed  pump, 
a  horizontal  Deane  duplex  automatic  return  pump  and  receiver 
with  outside  packed  plungers,  a  Wainwright  feed  water-heater. 


r 
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a  TVorthington  hot-water  meter,  and  various  traps.  Nearly  all 
of  these  pieces  of  apparatns  are  aiTanged  to  be  isolated  for 
repairs. 

In  the  engine  room  there  are   three  Ames  horizontal  simple 


non-condensing  enginea  Two  of  them  are  16  inches  by  14  inches, 
and  one  11  inches  by  12  inches.  The  larger  ones  are  directly 
connected  to  lOO-kilowatts  Walker  generators,  and  the  smaller 
to  a  50-kilowatts  Walker  generator.  Each  of  the  larger  engines 
and  generators  is  large  enough  for  the  night  load,  and  therefore 
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this  important  part  of  the  plant  is  duplicated,  and  the  smaller 
set  is  right  for  the  day  load,  and  of  coarse  either  of  the  larger 
sets  can  duplicate  this  daring  the  day  time. 

The  steam  pressure  can  be  varied  to  suit  the  requirements  of 
load,  the  boilers  being  designed  to  carry  140  pounds  of  steam. 

The  exhaust  steam  can  be  passed  directly  into  the  heating 
system,  or  through  the  feed  water  heater  and  then  to  the  heat- 
ing system,  or  through  the  heater  and  then  to  the  atmosphere, 
or  directly  to  the  atmosphere.  The  fact  that  such  plants  as  this 
must  operate  constantly  throughout  the  year  renders  a  good 
deal  of  duplication  necessary.  In  the  winter,  the  exhaust  can 
all  be  used  up  without  using  the  heater,  and  then  the  feed  is 
heated  by  the  economizer  only.  Of  course  a  large  proportion  of 
the  feed  in  winter  consists  of  returns  and  is  therefore  hot. 

An  oil  separator  is  inserted  in  the  main  exhaust  pipe  before 
it  reaches  the  heater,  and  after  it  leaves  the  heater  a  steam 
separator  is  inserted  to  keep  back  as  much  of  the  moisture 
formed  in  the  heater  as  possible.  Tliis  is  done  in  order  to  re- 
move all  conceivable  causes  of  water-hammer. 

The  exhaust  connection  to  the  atmosphere  is  automatically 
controlled  by  a  back-pressure  valve  provided  with  a  dash- 
pot. 

The  electrical  power  is  used  for  lighting,  for  operating  eleva- 
tors, a  refrigerating  machine,  and  various  motors,  and  for  appar- 
atus of  various  kinds. 

The  voltage  is  220  and  the  wiring  is  on  the  two-wire  system. 
There  was  considerable  discussion  preliminary  to  settling  upon 
this,  but  to  the  writer  no  important  objection  could  be  made  to 
the  system,  inasmuch  as  the  exhaust  steam  is  utilized  during 
most  of  the  year,  and  therefore  the  extra  steam  consumption 
caused  by  the  lower  efficiency  of  the  lamps  compared  with  110- 
volt  lamps  is  not  a  cause  of  extravagant  coal  consumption. 
There  were  other  important  considerations  also  that  led  to  the 
adoption  of  220  volts.     They  were  : 

(1 )  The  use  of  half  as  many  generators  as  would  be  required 
by  the  3-wire  110- volt  system,  with  lower  cost  of  installation 
and  less  cost  of  maintenance,  etc. 

(2)  A  smaller  engine  room,  and  therefore  a  less  expensive 
building. 

(3)  A  smaller  building,  which,  considering  the  available  space, 
was  a  very  important  feature. 
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(4)  Cheaper  eDgineB  and  cheaper  foundations  on  account  of 
extending  for  an  outboard  bearing  only  on  one  side. 

(5)  Less  expensive  wiring. 


Ab  far  as  the   service  is  concerned  the  220-Tolt  system  is 
perfectly  successful,  and  no  regret  of  the  choice  has  ever  been 

OS  pressed. 
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The  BW  and  success  of  the  inetaUatioii  oan  be  qnoted  as  an 
imppetaift  precedent,  there  being  aboat  2,000  incandesoent  lamps 
coimeateA. 

^e  amount  of  fael  to  be  chained  to  the  separate  institntioiis 


COLUMN    CAPS 


CRADLE    FOR    HEATER 


for  the  use  of  ateam  ia  determined  by  metering  the  separate  re- 
torna.    Similarly  the  charges  for  eleotrioitj  are  determined  by 
the  records  of  recording  watt  meters. 
The  main  steam-pipe  in  the  boiler  and  engine  rooms  is  made 


from  detailed  drawings  by  the  firm  of  which  I  am  a  member,  and 
the  cast  portions  are  made  of  a  mixture  of  charcoal,  iron  and 
steel  scrap,  which  tested  for  ultimate  tensile  strength  from  36,000 
to  39,000  ponnda  per  square  inch.  For  the  smaller  high-pressure 
pipes  steel  castings  are  in  general  used  for  fittings.     The  pecul- 
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iar  features  of  the  specially  designed  piping  are  thick  flanges^ 
large  and  good  bolts  and  plenty  of  them.  By  this  means  all 
yielding  of  pipes  is  forced  to  take  place  between  the  joints,  and 
the  joints  thereby  remain  tight.  In  this  plant  there  have  been 
no  leaky  joints  except  where  commercial  joints  were  used. 

It  may  be  well  to  state  here  that  the  economical  result  of  this 
installation  is  most  satisfactory.  The  old  plant  for  the  hospital 
consisted  of  horizontal  tubular  boilers  with  Hawley  down-draft 
furnaces,  a  Green's  economizer,  artificial  draft,  Westinghouse 
engines  and  lighting  on  the  110-volt  3-wire  system.  The  new 
plant  for  both  institutions,  with  many  more  lights  in  the  hos- 
pital than  before,  with  676  lamps,  elevator,  and  other  service  in 
the  infirmary,  uses  the  same  amount  of  coal  as  was  used  by  the 
old  plant  of  the  hospital  alone.  It  thereby  saves  the  hospital, 
considering  the  amount  paid  for  service  by  the  infirmary,  the 
interest  on  $150,000,  while  it  cost  about  half  of  this  amount. 

DISCUSSION. 

Mr,  William  D.  Ennis, — Mr.  Dean's  paper  is  virtually  a  de- 
scription of  a  system  of  steam  piping  for  power  and  heating. 
The  writer  evidently  does  not  approve  of  "  commercial "  pipe 
flanges.  There  is  a  great  deal  of  disagreement  on  this  question* 
The  opinion  that  standard  flanges  based  on  the  American  Society 
of  Mechanical  Engineers'  and  Master  Steam  Fitters'  schedule  of 
1894  are  of  suitable  strength  for  150  pounds  steam  pressure  was 
quoted  without  disapproval  in  a  technical  journal  last  month* 
Manufacturers  list  these  flanges  for  100  pounds  working  pressure. 
It  should  be  remembered  that  there  were  two  schedules  issued  by 
the  joint  committee  of  1894,  one  for  pressures  under  80  pounds 
per  square  inch,  the  other  for  pressures  above  80  pounds.  The 
present  commercial  flange,  listed  by  the  manufacturers  for  100 
pounds  pressure,  corresponds  to  the  latter  in  its  dimensions.  Both 
schedules  give  the  same  diameter  and  thickness  of  flange  and  hub 
for  a  given  size,  but  an  increase  in  size  of  bolts  is  made  for  the 
higher  pressures.  I  have  seen  manufacturers'  standard  ("com- 
mercial") flanges  and  fittings  used  continuously  on  110  pounds 
pressure ;  and  have  also  known  of  instances  where  they  failed 
on  low-pressure  heating  or  exhaust-pipe  systems.  There  are  a 
great  many  things  besides  the  pressure  to  be  considered  in  put- 
ting up  pipe.    Mr.  Dean,  in  his  specification  for  piping  in  and 


THB  POW£B  PLAliT  OF  GTHE  MASSACHUSETTS  GENERAL  HOSPITAL.        407 

about  the  new  boiler  house  of  the  Massachusetts  General  Hospi- 
tal, called  for  extra  heavy  flanges,  drilled  in  multiples  of  four,  on 
low-pressure  work — 2  to  3  pounds.  Such  "  extra  heavy  "  flanges 
are  about  2}  times  as  strong  as  standaixl  flanges,  and  cost  pro- 
portionately more.  Perhaps  one  diflBculty  with  "commercial" 
flanges  at  the  Massachusetts  General  Hospital  has  been  that  Mr. 
Dean  makes  his  pipe  joints  by  screwing  the  pipe  through  the 
flange,  and  then  refacing  the  pipe  and  flange  on  centres.  He 
also  spot-faces  the  back  of  the  flange  for  bolt-heads  or  nuts. 
These  two  facings  take  off  from  iV  ^o  i  ^^^  f^^^  ^^^  standard 
thickness  of  the  flange,  so  that  (especially  on  the  smaller  sizes)  it 
is  not  surprising  that  there  should  be  trouble  in  keeping  the  bear- 
ing faces  rigid.  As  a  remedy  for  this  I  have  lately  made  a  prac- 
tice of  specifying  that  the  flanges  shall  be  of  a  standard  thickness 
after  facing  and  spot  facing. 

Mr.  Dean  mentions  the  precautions  which  were  taken  to  prevent 
water-hammer.  During  the  construction  of  the  work  he  describes, 
there  was  an  accident  on  the  12-inch  low-pressure  pipe,  I  believe, 
at  the  point  where  it  enters  the  Eye  and  Ear  Infirmary  (Fig.  124). 
Was  this  caused  by  water-hammer?  If  so,  was  the  presence  of 
water  due  to  failure  on  the  part  of  the  separator  or  trap  in  the 
pump  room  ?  What  was  the  nature  of  the  connection  at  the  end 
of  the  12-inch  pipe  in  Fig.  124,  where  it  appears  to  be  broken  off  at 
the  Infirmary?  The  subject  of  steam-pipe  design  has  been  dis- 
cussed in  various  quarters  lately,  and  it  would  be  an  interesting 
contribution  to  the  literature  of  the  topic  to  have  a  record  of  the 
smash  which  occurred  on  this  particular  job. 

The  use  of  cast-iron  specials  instead  of  welded  pipe  on  the  main 
steam-lines  about  the  boilers  is  something  which  invites  comment. 
In  a  few  other  plants,  notably  those  of  the  Edison  Electric  Illu- 
minating Company  of  New  York,  a  similar  construction  has  been 
adopted.  The  Edison  Company  uses  charcoal  iron  containing  3 
j)er  cent,  of  aluminum.  There  is  no  question  but  that  the  saving 
of  joints  is  an  advantage.  The  difference  in  cost  is  in  favor  of 
castings  as  against  extra  heavy  wrought-iron  pipe ;  but  good  gun 
iron  or  other  special  castings  ordinarily  cost  more  than  standard- 
weight  pipe  with  cast  fittings  and  flanges.  This  would  limit  the 
economy  in  cost  due  to  the  use  of  castings  to  plants  where  pressures 
in  excess  of  150  pounds  are  carried.  For  higher  pressures  than  150 
pounds,  I  regard  cast-iron  special  piping  as  of  doubtful  advantage 
or  economy.     The  weakest  part  of  such  castings  is  in  the  fillet 
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where  the  flange  joins  the  body  of  the  pipe  or  fitting,  and  that  is 
just  where,  in  pipe  work,  the  most  strength  is  needed.  Making' 
these  fillets  of  unusually  long  radius  is  a  partial  remedy,  bat  this 
increase  widens  the  bolt  circle  and  flange  diameter,  and  is  there- 
fore objectionable. 

J//'.  Julward  A,  DaAing. — While  the  plant  described  in  this 
paper  has  much  to  commend  it  as  a  good  example  of  isolated 
p^^wer  supply,  there  are  a  few  points  which  appear  open  toqaestion 
p.*n(Iing  further  exposition  by  the  author  of  his  reasons  for  taking 
the  ground  which  he  does  on  these  points. 

\jQl  us  take  first  the  piping: 

There  would  seem  to  be  no  necessity  for  putting  in  a  separator 
in  the  10-inch  exhaust  main  if  the  line  was  properly  dripped  at 
frecjuent  intervals ;  as  a  matter  of  fact  steam  at  3  pounds  pressure 
moving  through  a  main  of  such  ample  proportions  would  have 
such  a  low  velocity  that  a  separator  would  be  working  at  a  de- 
cided disadvantage. 

The  long  exliaust  main  shown  is  in  itself  an  admirable  separa- 
tor :  it  only  needs  to  have  the  water  let  out  of  the  bottom  as  fast 
as  it  collects  into  a  drip  line  and  trap. 

Mr.  Dean  does  not  state  the  size  of  his  boilers  or  the  collectiye 
horse- power  of  the  plant,  but  assuming  this  to  be  at  least  400 
horse-power  it  would  seem  that  storage  for  but  100  tons  of  coal 
was  inadequate  for  a  hospital  plant  located  in  a  district  which 
is  so  liable  to  suffer  from  coal  famine  as  Boston.  We  found 
in  operating  a  plant  of  similar  character  in  New  York  that  with 
more  than  double  the  relative  coal-storage  the  danger  point 
was  approached  not  infrequently.  While  many  large  hotels 
and  ofHce  buildings  have  practically  no  coal-storage  whatever, 
and  are  dependent  on  a  daily  supply  of  fuel,  a  hospital  dif- 
fers from  a  hotel  in  that  its  guests  cannot  move  out  at  will. 
Tliey  are  at  the  mercy  of  the  coal  pile,  and  it  should  be  suf- 
ficiently large  to  insure  their  safety  in  case  of  a  coal  famine 
in  winter  weather.  I  know  of  one  hospital  plant  that  was 
installed  as  much  as  twenty-five  years  ago  where  this  point 
was  so  well  considered  that  coal-storage  was  provided  for  the 
entire  winter  season. 

The  use  of  a  spare  boiler  as  a  feed  tank,  while  novel  and  per- 
haps  ingenious  in  conception,  is  hardly  compatible  with  good 
practice,  which  demands  that  boilers  out  of  commission  shall  be 
drained  and  have  their  hand-hole  plates  removed. 
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When  city  mains  are  closed  for  any  reason  it  is  customary  to 
give  sufficient  notice  to  those  concerned,  to  allow  them  time  to 
provide  for  a  temporary  stoppage.  A  tank  large  enough  to 
feed  the  boilers  for  a  couple  of  hours  at  least  might  be  placed 
on  the  roof,  if  no  other  place  could  be  found  for  it.  One  of 
these  vertical  boilers  would  surely  not  contain  enough  water  to 
feed  the  other  three  for  30  minutes. 

The  attempt  to  combine  a  fire-box  and  a  combustion  cham- 
ber in  the  boilers  described  strikes  me  as  a  remarkable  pro- 
ceeding, and  if  no  other  reason  can  be  given  for  this  step 
than  that  the  floor  space  was  limited  I  would  suggest  that 
the  building  should  have  been  designed  to  fit  the  boilers  and 
not  the  boilers  to  fit  the  building;  and  this  leads  me  to  say 
that  while  the  general  arrangement  of  boilers,  piping  and  ma- 
chinery follows  the  line  of  good  modern  practice,  it  has  as 
a  whole  a  cramped  appearance,  due  no  doubt  to  the  common 
error  on  the  part  of  engineers  of  accepting  the  architect's  fiat 
as  to  the  amount  of  space  that  is  available  for  the  vital  organism 
of  the  buildings  which  are  to  be  supplied  with  heat,  light  and 
power. 

These  are  matters  of  the  first  importance  in  modern  building 
design,  and  should  be  kept  to  the  fore  from  the  very  inception  of 
a  building  scheme. 

My  own  experience,  as  well  as  that  of  other  members  of  this 
Society  with  whom  1  have  discussed  this  point,  has  impressed  on 
ray  mind  the  necessity  of  combating  the  views  of  architects  and 
owners,  who  are  more  than  liable  to  relegate  boilers,  etc.,  to  the 
cellars,  vaults,  and  left-over  parts  of  a  building;  anything,  in  fact, 
to  get  them  out  of  sight  and  out  of  mind. 

The  reasons  which  Mr.  Dean  advances  for  his  adoption  of  a 
220-volt  two-wire  system,  as  against  the  three-wire  system,  may, 
perhaps,  have  been  sufficient  to  settle  the  question  from  the  vari- 
ous standpoints  wliicli  he  names ;  but  these  standpoints  seem  un- 
tenable when  taken  coliectivelv. 

What  objection  could  there  liave  been  to  the  use  of  a  110  or  120- 
volt  two-wire  system  ? 

The  only  serious  difTorence  in  cost  would  have  been  in  the  cop- 
per, and  that  would  be  met  by  the  difference  in  efficiency  of  lamps 
durinor  at  least  six  months  of  the  vear  when  no  heatin<if  is  done 
and  the  exhaust  is  wasted. 

The  difference  in  size  of  engines  would  have  been  measured  in 
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inches,  which  could  not  have  squeezed  the  building  much,  and  the 
cost  of  a  yard  or  two  of  extra  concrete  for  foundations  would  not 
have  proved  burdensome. 

The  figures  given  to  show  the  saving  effected  by  the  new  plant 
over  the  old  are  somewhat  vague,  and  while  the  conclusions  are 
no  doubt  as  stated,  it  is  impossible  without  further  details  to  see 
how  thev  are  deduced. 

Mr.  Edwin  B.  Katie. — In  a  power  plant  recently  designed  for  the 
use  of  the  New  York  Central  and  Hudson  River  Railroad  Company, 
at  Albany,  X.  Y.,  the  220-volt  direct-current  two-wire  system  was 
adopted,  for  reasons  similar  to  those  stated  in  Mr.  Dean's  paper. 
This  plant  will  consist  of  500-brake  horse-power,  in  two  batteries 
of  two  water-tube  boilers  each,  and  four  75-kilowatts  direct-con- 
nected generators.  Current  will  be  used  for  2,400  incandescent 
lann)s,  20  arc  lamps  and  operating  elevators,  ventilating  fans  and 
drawbridge  motors.  A  storage  battery  will  be  used  as  a  balance 
to  take  the  large  inrush  current  when  the  large  drawbridge  and 
other  motors  are  started,  thus  tending  to  prevent  the  "  flicker " 
which  would  be  apparent  in  the  lights,  especially  in  the  lamps 
used  during  the  day,  when  the  power  load  would  be  in  excess  of 
the  lighting  load.  In  this  plant  the  exhaust  steam  is  used  for 
heiiting  water,  which,  in  turn,  is  circulated  throughout  the  several 
buildings  for  heating  jiurposes  ;  a  live-steam  auxiliary  heater  being 
used  to  make  up  any  deficiency  in  exhaust  during  the  day  or  in 
very  severe  weatlier ;  the  system  being  practically  the  same  as  that 
described  by  Mi*.  Yaryan  in  his  pa})er  read  before  the  Society  last 
spring,  in  Cincinnati. 

An  imix)rtant,  if  not  the  particular,  reason  for  adopting  in  this 
case  the  220-volt  two-wire  system  Wiis  a  consideration  of  the  load 
diagrams,  from  which  it  was  apparent  that  power  units  in  multi- 
ples of  75  kilowatts  would  give  the  most  economical  distribution 
of  loads  during  each  hour  of  the  twenty -four,  both  in  summer  and 
winter;  it  was  further  considered  desirable  to  install  machines  of 
the  same  size,  and  thus  render  the  plant  more  nearly  interchange- 
able. Hence,  had  the  110-volt  three-wire  system  been  adopted, 
it  would  have  required  the  installation  of  a  large  number  of  quite 
small  machines  of  less  efficiency,  requiring  more  floor-space  and 
more  attendance,  which,  it  was  believed,  would  fully  offset  the 
lower  efficiency  of  the  220-volt  lamps. 

The  West  Shore  Railroad  lias  now  in  o{)eration  at  its  terminal 
in  AVeehawken,  X.  J.,  the  220-volt  two-wire  system,  useil  for  500 
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incandescent  lamps,  32  arc  lamps,  and  for  motors  operating  barrel 
elevators,  transfer  bridge,  and  coaling  station.  This  plant  has  been 
in  operation  a  little  over  one  year,  and  is  giving  very  satisfactory 
service. 

Designs  are  being  prepared  for  light  and  power  plants  in  the 
Sixtieth  Street  freight  yard.  New  York  City,  and  also  for  the 
terminal  yard  and  station  at  Buffalo,  K.  Y.,  and  in  both  cases  the 
220-volt  direct-current  two-wire  system  will  probably  be  installed. 

Mr.  Frederick  V,  Ilensha/u), — The  reasons  given  for  the  adoption 
of  the  220-volt  lamp  seem  to  call  for  some  further  comment. 
There  is  plenty  of  authority  and  practice  for  the  use  of  the  high- 
voltage  lamp.  The  city  of  London  has  been  putting  in  200-volt 
supply  for  several  years ;  and  within  the  last  few  years  a  large 
central  station  plant  in  the  city  of  St.  Louis,  and  another  one  in 
Providence,  R.  L,  have  changed  their  whole  system,  using  230- 
volt  lamps,  with  approximately  470  volts  on  the  outside  wires  of 
the  three-wire  system.  With  respect  to  Mr.  Dean's  statement 
that  the  use  of  half  as  many  generators  was  one  of  the  reasons 
for  adopting  the  220-volt  two-wire  system,  I  would  state,  as  a 
matter  of  fact,  that  it  is  not  at  all  necessary  to  use  two  generators 
for  the  three-wire  system — that  is,  the  original  three-wire  system  of 
Dr.  llopkinson — but  that  it  can  also  be  accomplished  with  a  single 
generator,  without  any  addition  at  all  to  the  main  dynamo  plant, 
involving  increased  expense  in  engines  or  increased  floor  space. 

It  might  consume,  possibly,  a  few  per  cent,  more  energy  than 
the  two-dynamo  method.  The  method  most  commonly  in  use 
employs  a  small  motor-dynamo,  which  is  connected  in  between  the 
middle  wire  and  the  two  outside  wires.  It  may  be  two  separate 
machines,  say  each  of  110  volts,  connected  in  series,  or  it  may  be 
a  single  machine,  with  a  double- wound  armature.  And  this  little 
machine  need  not  be  more  at  most  than  10  per  cent,  of  the  total 
capacity  of  the  plant,  costing  at  most  about  20  {X)r  cent,  of  the 
cost  of  the  dynamo.  It  can  be  placed  at  the  centre  of  distribu- 
tion, not  necessarily  in  the  engine  room  at  all,  so  that  the  middle 
wire  does  not  have  to  be  carried  back  to  the  dynamo  room.  There 
is  also  another  method  by  which  the  same  thing  is  accomplished, 
in  which  the  main  generator  has  an  extra  contact  ring  connected 
to  intermediate  points  in  the  armature,  and  this  ring  is  connected 
with  the  neutral  wire  and  takes  care  of  unbalanced  load.  Another 
method  would  be  by  tlie  use  of  storage  batteries,  but  that  does 
not  apply  to  the  present  case. 
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In  regard  to  the  economy  of  220.volt  lamps  as  compared  with 
110,  these  voltages  being  approximate,  of  coarse,  the  best  present 
commercial  lamp  of  110  volts  has  an  economy  of  about  3-1.10 
watts  per  candle,  and  the  220- volt  lamps  about  3-S.lO.  This  means 
that  for  an  equal  numljer  of  lights  of  the  same  illumination  you 
would  save  about  IS  J  per  cent,  in  power  by  using  the  110-volt 
lamp.  Assuming  a  total  of  1,000  lights,  and  assuming  an  aver- 
age illumination  of  four  hours  a  day  for  305  days,  and  taking 
cost  of  power  at  4  cents  per  kilowatt  hour,  which  is  probably 
seldom  exceeded,  we  have  an  annual  saving  of  about  $654,  which 
would  be  the  interest  on  something  like  $10,000.  This  indicates 
that  in  such  a  plant  about  $10,000  must  be  saved  on  the  original 
cost  to  make  it  pay  to  use  the  220-volt  lamp  rather  than  the  110- 
volt  lamp. 

That,  I  think,  represents  about  the  most  recent  development  of 
the  higher-voltage  incandescent  lamps. 

Mr.  George  I.  liockwood. — I  should  like  to  ask  Mr.  Dean  a  few 
questions :  First,  in  reference  to  the  last  paragraph  in  the  paper 
where  it  says :  "  It  may  be  well  to  state  here  that  the  economical 
result  of  this  installation  is  most  satisfactory.  The  old  plant  for 
the  hospital  consisted  of  horizontal  tubular  boilers  with  Hawley 
down-draft  furnaces,  a  Green's  economizer,  artificial  draft,  West- 
inghouse  engines  and  lighting  on  the  110-volt  3-wire  system. 
The  new  plant  for  both  institutions,  with  many  more  lights  in  the 
hospital  than  before,  with  570  lamps,  elevator,  and  other  service 
in  the  infirmary,  uses  the  same  amount  of  coal  as  was  used  by  the 
old  plant  of  the  hospital  alone.  It  thereby  saves  the  hospital, 
considering  the  amount  paid  for  service  by  the  infirmary,  the  in- 
terest on  $150,000,  while  it  cost  about  half  of  this  amount."  The 
stiitement  is  too  terse,  it  is  too  vague.  I  would  like  to  ask  Mr. 
Dean  to  amplify  it  and  to  state  why  it  was  that  this  plant  did 
better  than  the  old  plant.  There  is  no  obvious  reason  why  it 
should  (laughter).  There  is  no  one  in  the  world  more  com* 
petent  to  design  a  good  plant  than  Mr.  Dean,  and  I  will  not  criti- 
cize it  at  all.  But  I  do  not  see  why  the  old  phmt  was  not  a  good 
one,  too.  The  fact  that  his  furnace  Wiis  8  feet  deep  is  an  interest- 
ing point.  I  wish  he  would  give  us  the  design  of  the  boiler  in 
this  paper  and  explain  about  it,  as  well  as  tests  on  the  boiler. 
As  this  is  a  typical  installation,  the  pa{>er  should  be  a  very  valua- 
ble one  for  us  to  discuss. 

I  happened  to  be  putting  in  a  plant  almost  exactly  like  this  one 
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and  at  almost  exactly  the  same  time,  without  knowing  it.  I 
{hit  in  a  plant  for  the  Worcester  City  Hospital  about  the  same 
size,  a  little  smaller  if  anything,  carrying  steam  about  600  feet 
to  the  heating  system,  and  it  is  like  this  plant  in  every  main  par- 
ticular. I  had,  for  instance,  to  build  a  tunnel  210  feet  long  and 
carry  steam  at  140  pounds  pressure  in  a  3-inch  pipe  all  around 
the  corridor  basements  to  provide,  at  the  heating  system  in  the 
various  cottages  and  buildings,  the  steam  which  the  old  piping 
system  would  not  carry  in  sufficient  quantity.  In  fact,  I  built  the 
plant  as  nearly  like  Mr.  Dean's  plant  as  it  was  possible  to  do  it 
and  not  be  in  conference  with  him.  So  I  naturally  do  not  want 
to  say  anything  against  Mr.  Dean's  plant.  I  think  it  is  as  good 
a  plant  as  a  man  could  put  in  (applause).  I  wish  to  call  attention, 
however,  to  a  few  details  in  the  paper,  and  my  object  in  speaking 
at  all  is  to  get  a  little  more  information.  Mr.  Dean  has  the 
charming  quality  of  being  terse ;  something  that  none  of  the  rest 
of  us  has,  and  this  paper  is  a  little  too  bare  of  detail.  I 
hope  he  will  enlarge  the  paper  before  he  closes  it.  I  wish 
to  call  attention  first  to  what  I  suppose  is  the  cross-section 
of  a  tunnel  which  he  used  to  carry  his  pipes  from  the  power 
plant  to  the  hospital,  and  to  contrast  with  it  the  cross-section 
of  mv  tunnel. 

His  tunnel  appears  to  consist  of  a  pair  of  side  walls,  with  a  roof 
composed  of  horizontal  T  bars,  perhaps,  or  I  beams,  placed  every 
2  feet  or  so  all  the  way  up  the  tunnel,  and  that  sort  of  a  tunnel  I 
have  built  before  and  have  not  had  perfect  success  with  it.  It  has 
leaked,  and  there  was  no  inexpensive  way  of  fixing  the  leak.  The 
tunnel  is  from  2  to  3  feet  to  6  or  8  feet  below  the  surface  of  the 
ground.  It  is  6^  feet  wide  inside  and  7  feet  high.  It  is  not  only 
used  for  a  pipe  tunnel  through  which  to  carry  the  steam,  water, 
and  gas  pipes  from  the  power  plant  to  the  hospital,  but  it  is  also 
used  as  a  passageway  connecting  the  hospital  with  the  laundry 
and  connecting  the  nurses'  home  with  the  hospital.  So  that  it  is  a 
nicely  finished  tunnel.  The  nurses  do  not  object  to  walking 
through  it.  It  is  lined  with  white  tile  brick.  But  the  special 
peculiarity  of  it  consists  in  the  roof.  This  is  a  single  arch,  run- 
ning the  whole  length  of  the  tunnel,  composed  of  three  roAvlocks, 
and  the  abutments  of  the  arch  are  composed  of  8-inch  channels. 
They  are  the  washers,  really,  of  the  Ij-inch  bolts  which  are  spaced 
every  5  feet  and  resist  the  pressure  of  the  arch.  I  was  advised  to 
put  in  another  form  of  roof,  a  series  of  arches  all  the  way  up  the 
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tunnel.  The  tunnel  is  on  the  side  of  a  hill  and  I  felt  sure  that 
the  water  would  settle  in  the  haunch  of  each  arch,  causing 
leaks.  I  put  tarred  paper  between  the  second  and  third  rowlocks 
and  Portland  cement  over  the  top.  The  result  was  a  perfectly 
water-tight  roof.  It  was  more  economical,  too,  to  build  the  tun. 
nel  that  way.  The  channels  weighed  less  than  the  I  beams  would 
weigh  with  the  other  form,  and  can  sustain  a  great  thrust.  The 
tunnel  is  now  about  a  year  and  a  half  old,  and  there  is  not  a  crack 
in  it  anywhere.  The  floor  of  the  tunnel  is  crowning,  so  that  if 
any  water  leaked  in  it  would  run  down  the  edges  and  not  down 
the  centre.  The  pipes  were  hung  from  a  pipe  hanger,  which  I 
copied  almost  directly  from  the  Columbia  College  pipe  tunnel,  as 
illustrated  in  the  Transactions  by  the  engineer  of  Columbia  Uni- 
versity. I  found  it  a  very  good  pipe  hanger  indeed.  I  simply  hung 
this  pipe  hanger  from  the  cross-bars  every  10  feet,  and  have  never 
had  any  trouble  with  it  at  all.  I  wanted  to  ask  Mr.  Dean  especi- 
ally how  he  heated  the  water  for  the  hospital  taps,  how  the  hot- 
water  service  of  the  hospital  and  the  infirmary  was  managed, 
whether  the  economizer  furnished  this  hot  water,  or  whether  the 
feed- water  Avas  used,  or  whether  several  feed- water  heaters,  one 
in  each  building,  did  the  heating?  At  the  Worcester  City  Hos- 
pital the  economizer  does  it.  I  formed  a  loop  from  the  power- 
house over  the  entire  hospital.  There  are  some  6  or  8  buildings, 
several  hundred  feet  apart.  I  formed  a  loop  running  from  the 
hospital  to  these  various  buildings,  2  inches  in  diameter,  of  brass 
pipe,  with  various  1-inch  pipes  separating  from  the  farther  end  of 
the  loop  and  running  up  to  the  third  story  of  each  of  the  different 
buildings.  A  pump  in  the  power  station  keeps  this  water  circu- 
lating, and  at  the  highest  point  in  the  circulation  I  take  in  the 
cold  water  from  the  street,  providing  a  check  valve  immediately 
back  of  the  inlet,  so  that  the  cold  water  Avould  not  run  in  the  re- 
vei^e  direction  to  the  hot-water  taps.  I  thought  it  a  good  system, 
but  tiie  trouble  that  immediately  arose  was  that  one  could  hear  the 
pumping  everywhere  in  the  hospital.  A  hospital  is  just  as  quiet 
as  a  cemetery,  and  any  little  insignificant  noise  which  occurs  in  the 
power  station  on  a  steam  or  water  pipe  can  be  heard  immediately, 
magnified  and  reverberating  in  every  ward.  That  is  one  of  the 
problems  which  the  engineer  has  to  meet  in  such  a  plant.  Doubt- 
less Mr.  Dean  had  a  similar  experience  in  connection  with  his 
work.  I  provided  an  air-chamber  on  the  top  of  the  pump,  of 
S-inch  pipe,  6  feet  high,  and  filled  it  from  an  air-pressure  tank  near 
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by  under  20  pounds  pressure  at  all  times.  That  stopped  the  noise 
entirely. 

I  do  not  see  any  mention  made  in  this  paper  of  the  Johnson 
Electric  Service  Company's  system  of  temperature  control  on 
various  radiators,  or  any  other  temperature  control.  Whether  that 
was  used  or  not  I  do  not  know.  But  I  can  say  from  my  own  experi- 
ence that  such  a  system  effects  a  large  saving  of  steam,  and  is,  be- 
sides, a  comfort  in  the  running  of  a  hospital.  The  various  indirect 
radiators  have  dampers  which  are  controlled  by  thermostats,  by 
the  compressed-air  system,  and  they  maintain  a  constant  tem- 
perature in  a  room,  within  the  limits  of  the  power  of  the  heating 
apparatus.  We  have  no  trouble  from  water-hammer  in  the  steam 
pipes.  Our  8-inch  supply  pipe  is  350  feet  long,  and  goes  up  30 
or  40  feet  high  from  the  point  where  it  starts  to  where  it  sepa- 
rates into  smaller  pipes.  Wherever  there  is  a  change  in  the 
direction,  I  simply  dripped  the  pipe  with  a  |-inch  drip-pipe,  and 
carried  that  back  to  the  boiler-room  through  a  trap. 

I  see  no  mention  made  in  Mr.  Dean's  paper  of  how  power  for 
the  laundry  is  obtained.  At  Worcester  it  affords  us  exhaust 
steam  to  use  in  the  heating  system  during  the  day,  ten  or  twelve 
horse-power,  perhaps.  We  heat  with  exhaust  steam  on  the  hot- 
blast  system.  Every  ward  has  independent  supply  and  exhaust 
fans. 

Mr.  James  McBride. — I  find  that  upon  page  393  the  author 
says :  "  It  was  necessary  to  employ  vertical  boilers  in  order  to 
economize  floor-space,  and  those  used  Avere  designed  by  the  firm 
of  which  I  am  a  member,  the  object  of  the  design  being  to  per- 
mit internal  examination,  and  thus  to  convert  guesswork  into 
knowledge  as  to  their  condition.  In  order  to  render  the  com- 
bustion comparatively  smokeless  with  bituminous  coal,  the  crown 
sheets  of  the  boilers  are  placed  8  feet  above  the  grates,  and  the 
result  is  remarkably  good,  smoke  being  rarely  seen,  and  never  but 
slightly."  I  am  very  much  interested  in  the  smoke  business,  for 
I  have  just  escaped  from  the  clutches  of  the  police  a  week  or  two 
ago  and  I  am  in  daily  expectation  of  being  yanked  up  again.  I 
would  like  to  know  Avhether  that  boiler  has  a  water  leg  or  not. 

Mr.  Dean. — It  hiis  a  water  leg. 

Mr,  McBride. — Eight  feet  deep  ? 

Mr.  Dean, — Eight  feet  six  or  seven  inches. 

Mr.  McBride. — I  would  like  also  to  know  what  means  you 
apply,  other  than  the  deep  furnace,  to  abate  the  smoke  nuisance  ; 
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Whether  you  blow  air  into  the  furnace  with  steam  jet,  or  how 
you  get  rid  of  the  smoke  of  bituminous  coal. 

Mr.  Dean, — Nothing  is  done  to  get  rid  of  the  smoke ;  it  never 
is  formed.  There  is  simply  this  high  firebox.  The  fact  is  as  I 
have  stated.  The  coal  used  is  Pocahontas.  I  am  nearly  con- 
vinced that  vertical  boilers  smoke  less  than  horizontal,  probably 
on  account  of  the  draught  being  applied  at  right  angles  to  the 
grate  and  less  ol^truction  to  its  passage. 

Mi\  Reginald  Pelham  Bolton. — I  don't  know  whether  I  ought 
to  speak  on  this  subject  at  all,  because  Mr.  Dean  may  feel  as  if  I 
Avere  striving  to  compare  New  York  practice  with  Boston  prac- 
tice ;  but  I  am  sorry  to  say  that  if  his  plant  were  down  here  in 
New  York,  he  would  buck  against  the  police  department,  who 
would  not  pass  his  boiler  plant.  I  refer  first  to  his  pipe  plan, 
Fig.  132,  and  1  see  that  he  has  only  one  valve  on  the  outlet  from 
each  boiler,  and  that  is  at  the  end  of  the  branch  pipe.  We  think 
ourselves  only  on  the  safe  side  when  we  have  a  valve  close  up 
against  the  boiler  flange,  and  another  one  at  the  main  pipe. 

While  I  am  on  this  subject  I  want  to  say  that  while  his  plan 
now  is  right  as  regards  his  connections  to  the  main,  he  is  going 
to  have  lots  of  trouble  when  he  gets  his  second  set  of  boilers 
there,  because  if  he  makes  the  connection  straight  across  to  the 
flange  Avhich  he  has  left  on  the  header,  I  am  much  mistaken  if  he 
does  not  find  them  pull  apart.  I  will  give  him  that  little  tip  so 
that  he  can  prepare  for  the  eventuality  in  the  future. 

Mr.  Rockwood  has  gone  closely  into  the  question  of  tunnel  con- 
struction. I  want  to  raise  the  question  whether  a  tunnel  is  neces- 
sary at  all  in  such  a  job  as  this.  I  have  put  1,000  feet  of  pipe  in 
a  college  campus,  and  heated  several  buildings  from  a  central 
boiler  station,  carrying  the  pipe  in  a  wooden  trench.  That  was 
five  years  ago,  and  it  is  still  Avorking  all  right.  If  the  pipes  are 
covered  properly,  a  small  trench  is,  I  think,  better.  Of  coarse 
there  may  be  other  reasons  for  constructing  a  tunnel,  such  as  Mr. 
Ilockwood  has  mentioned  here,  for  nurses  to  walk  through.  In 
my  practice  I  don't  get  that  sort  of  business.    (Laughter). 

I  want  to  ask  another  question  which  Mr.  Dean  might  consider 
the  next  time  he  gets  a  hospital  to  fix  up,  and  that  is,  whether  it 
is  necessary  to  carry  exhaust  steam  at  2  or  3  pounds  pressure, 
merely  because  you  have  to  run  bOO  feet.  I  have  got  runs  not  so 
long  as  800  feet,  but  they  are  considerable  runs  and  very  difficult 
I'uns,  and  I  should  not  like  to  put  in  a  great  exhaust  main  like  this 
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with  a  pr^ssi^re  of  2  or  3  pounds.  I  am  somewhat  of  what  is 
knowu  as  a  vacuum  and  low-pressure  crank.  I  am  a  great  believer 
in  oirculating  steam  at  atmospheric  pressure.  That  is  what  steam 
was  made  to  circulate  at,  and  what  it  will  circulate  at  with  proper 
apparatus.  I  have  some  buildings  with  the  risers  as  much  as  300 
feet  from  the  source  of  supply.  That  source  of  supply  is  the  dis- 
cbarge from  cylinders  of  all  kinds ;  they  are  dischai^ed  at  no  more 
than  atmospheric  pressure,  and  in  some  cases  a  little  below  atmo- 
spheric pressure.  I  do  not  see  why  that  should  not  go  in  all 
cases.  So  far  as  this  instance  is  concerned,  I  would  have  reduced 
these  supply  mains  suflBciently  to  go  a  long  way  toward  paying 
for  the  necessary  apparatus  to  make  the  steam  circulate  at  atmo- 
spheric pressure,  and  I  would  have  had  the  gain  on  my  engines  in 
the  reduction  of  back  pressure.  That  is  a  very  important  point 
where  you  have,  as  in  this  case,  a  very  high  initial  pressure  on 
single  cylinders  only.  I  don't  know  the  reason  for  adopting  this 
pressure  of  140  pounds,  but  I  have  never  found  any  advantage  in 
a  single-cylinder  engine  using  steam  at  much  more  than  100  pounds 
pressure.  And  if  you  have,  as  suggested  in  this  paper,  the  possi- 
bility of  varying  your  pressure  up  to  140  pounds,  you  are  going 
to  have  lots  of  trouble  with  leaky  joints.  You  are  supplying 
steam  not  only  to  steam  generators,  but  to  a  lot  of  pumps,  and 
when  such  pumps  are  supplied  with  variable  pressures  from,  say, 
80  to  140  pounds,  there  is  likely  to  be  trouble  in  the  steam  end. 

These  may  seem  rather  captious  criticisms,  but  a  man  who  has 
had  to  deal  with  diflBculties,  and  has  had  to  suffer  many  sorrows, 
is  very  apt,  when  he  gets  on  his  feet  in  a  meeting,  to  try  to  prevent 
his  neighbors  and  friends  from  falling  into  the  same  errors — in  a 
Christian  spirit.     (Applause.) 

I  want  to  say  another  thing,  which  sounds  like  a  very  small 
feature.  There  was  not  an}'  necessity  to  run  two  feed  pipes  to 
each  boiler.  I  like  the  idea  of  multiplicity  of  steam  piping  on  the 
ground  of  safety — the  more  pipes  you  have  the  better  you  are  oflf, 
on  general  principles ;  but  to  use  two  feed  pipes  is  going  it  too  thick. 
If  I  specify  extra  heavy  piping  for  feed  pipes  in  New  York  prac- 
tice, I  am  sometimes  called  down  and  asked  why  ordinary  pipe 
won't  do  the  work,  and  about  a  thousand  examples  are  brought 
up  against  me  if  I  venture  to  say  that  heavy  pipe  is  good  practice. 
In  this  case  the  returns  form  the  maximum  portion  of  the  feed  in 
winter  time,  and  there  is  no  reason  Avh}'^  they  should  not  be  mixed 
with  the  ordinary  feed,  and  the  same  pump  which  does  the  feeding 
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in  the  summer  time  should  do  the  feeding  in  the  winter  time,  only 
providing  that  it  receives  water  from  a  different  direction.  My 
usual  practice  in  a  system  of  this  character  is  to  bring  all  drips 
back  into  a  closed  tank,  and  then  put  whatever  amount  of  auxili- 
ary water  is  needed  into  that  tank,  the  same  pump  doing  the  work 
at  all  times.  The  blow-off  pipes  are  taken  to  a  separate  tank  which 
discharges  to  the  sewer,  but  in  this  plant  a  pipe  is  connected  from 
it  to  the  injector  suction,  so  that  the  water  in  any  boiler  could  be 
pumped  into  any  other.  That  would  not  be  allowed  in  New  York 
city.  We  are  also  obliged  to  put  a  spray  into  the  blow-off  before 
we  pass  it  into  the  sewer,  which  is  a  very  excellent  provision  very 
commonly  disregarded,  as  you  may  see  by  walking  down  town  on 
any  cold  day,  when  you  will  notice  more  steam  coming  out  of  the 
sewers  than  would  come  out  of  a  leaking  steam  pipe. 

I  want  to  draw  especial  attention  to  the  rather  novel  feature  to 
me  of  placing  a  steam  separator  on  the  line  of  the  waste  steam 
running  to  the  house-heating  system.  I  agree  with  the  previous 
speaker  in  saying  that  the  speed  of  the  steam  would  be  so  low 
that  you  would  be  unlikely  to  get  much  result,  especially  if  you 
had  previously  inserted  a  feed  heater  in  the  line,  and  thereby  pro- 
duced considerable  condensation.  You  actually  create  condensa- 
tion to  be  afterward  removed.  That  is  very  much  like  creating 
a  difficulty,  and  putting  in  apparatus  to  correct  it  afterward.  I 
Avant  to  say  at  once  that  this  practice  of  passing  exhaust  steam, 
which  is  intended  for  heating  purposes,  through  a  feed  heater,  to 
begin  with,  and  then  through  a  separator  is  all  wrong.  You  first 
push  your  steam  through  the  heater  where  you  create  a  great  deal 
of  condensation,  and  then  send  your  steam,  saturated,  into  your 
heating  system.  To  my  mind,  that  is  all  wrong.  The  argument 
in  this  paper  that  this  was  done  *•  in  order  to  remove  all  conceiv- 
able causes  of  water-hammer"  is  awav  off,  because  it  will  not 
remove  all  conceivable  causes  of  water-hammer.  Water-hammer 
in  a  radiator,  for  instance,  is  caused  by  the  condensation  in  the 
radiator.  It  is  not  caused  only  by  the  fact  that  the  water  is  com- 
ing in  the  steam  to  the  radiator,  but  it  is  caused  by  the  total  con- 
densation in  the  radiator.  You  have  to  deal  Avith  water-hammer 
at  every  point  where  it  is  liable  to  occur,  and,  as  a  previous  speaker 
said,  every  change  of  grade  in  this  particular  job  should  be  dripped, 
and  dripped  very  liberally,  and  brought  back  through  a  return 
line  and  not  through  a  trap,  and  then  you  will  obtain  a  complete 
releiise  of  moisture  in  the  steam. 
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I  tliink  that  the  arguments  which  were  hem  advanced  for  the  use 
of  a  220-volt  system  have  been  already  very  cleiirly  dejilt  with  by 
a  previous  speaker.  The  arguments  wliich  are  used  are  not  the 
arguments  which  would  have  borne  upon  the  subject  so  as  to  induce 
this  decision.  The  use  of  liaif  as  many  generatoi-s  as  would  be 
required  in  the  3-wire  110-volt  system  is  not  a  necessary  feature. 
As  regards  the  size  of  installations  of  that  kind,  if  Mr,  Dean  had 
referred  to  mo  I  could  have  told  him  of  installations  of  as  much 
as  3,000  or  4,000  lamps  which  wci-e  put  in  on  the  3-\vire  240-volt 
system  with  success  in  this  city.  But  the  reasons  were  that  we 
had  a  specially  large  motor  load,  and  we  desired  to  keep  the 
whole  system  of  one  character  to  avoid  complication.  That 
reason  does  not  always  come  into  account,  and  I  have  in  hand 
at  the  present  time  one  of  the  largest  installations  in  this  city,  with 
15,000  lights  and  a  motor  load  amounting  to  100  kilowatts,  which 
will  go  in  on  the  3-wire  system  from  motives  of  economy.  I 
have  to  say,  moreover,  that  there  are  difficulties  in  connection  with 
the  220  and  240-volt  system  whicii  should  not  be  lost  sight  of. 
It  should  not  go  out  that  it  has  all  advantages  over  tlie  lower 
tension.  One  of  the  disadvantages  is  that  the  lamps  are  shorter 
lived  than  the  ordinary  110-120-volt  lamps.  Another  is  that  they 
cannot  be  placed  with  impunity  in  all  kinds  of  positions.  When 
we  first  began  to  use  them  we  used  to  put  them  in  a  horizontal 
position,  and  the  carbon,  being  very  weak^  rapidly  drooped  and 
broke  off.  The  lamps  roost  recently  brought  oat  have  supports 
for  the  filament,  but  they  remain  tender  lamps,  and  a  very  slight 
jar  will  break  the  filament.  Another  difficulty  is  that  there  are 
so  many  apparatuses  of  an  exterior  character  which  are  sold 
nowadays,  designed  for  use  with  110  and  120-volt  pressure,  which 
the  tenants  of  a  building  will  bring  in  and  put  on  220-volt  circuits 
and  break  them,  and  will  then  charge  the  owner  of  the  building 
with  the  cost.  For  instance,  ladies  go  out  and  buy  electrical  hair 
curlers,  and  they  expect  they  are  going  to  run  them  by  an  ordi- 
nary lamp  circuit,  and  they  generally  run  them  day  and  night, 
never  turn  them  off,  and  they  call  on  the  engineer  to  find  out 
what  is  the  matter  with  the  electricity.  I  have  seen  ten  lamps  on 
a  portable  candelabra  connected  to  a  one-light  outlet,  and  when 
that  is  hooked  up  to  a  220-volt  circuit,  destruction  is  the  only  word 
which  describes  the  result.  Inai-ecent  instance  a  real  estate  agent 
told  me  that  he  found  a  gentleman  driving  a  lathe  in  his  bedroom 
from  one  of  the  lamp  circuits.     NolKKly  knows  where  these 
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additions  may  end.  A  220-volt  circuit  is  certainly  prodactive  of 
considerable  trouble  in  these  respects,  although  it  may  seem  rather 
a  singular  fact. 

I  want  to  say,  turning  to  the  question  of  flanges,  that  I  have 
gotten  back,  after  a  sad  experience  with  the  flange  system,  to 
working  out  all  piping  for  the  old  screw  connection — I  have  got 
down  to  the  belief  now  that  if  a  pipe  system  is  properly  propor- 
tioned, properly  arranged,  and  has  sufficient  spring  connections 
in  it,  that  there  is  nothing  better  than  the  old  screw  joint,  and  I 
will  even  include  the  cast-iron  fitting  in  that  statement.  Flanged 
joints,  you  will  find,  all  tend  to  become  heavier  and  heavier  as 
time  goes  on.  Every  man's  experience  with  these  joints  is  one  of 
leaks.  He  goes  to  work  and  makes  the  flange  joints  heavier,  and 
draws  them  together  with  so  much  power  that  he  thinks  he  can- 
not have  a  leak,  and  then  the  strains  in  that  piping  are  unknown. 

^[i\  BockxoooiJ. — AVhat  about  the  Yan  Steyn  joint? 

Mr.  Bolton. — It  is  a  very  good  joint,  so  far  as  it  goes.  But 
these  joints  all  cost  money.  In  this  case  the  joint  which  failed  by 
breakage  was  the  only  point  at  which  relief  could  be  found,  so 
that  was  the  cause  of  failure  there,  and  not  because  it  was  a 
sciewed  joint.  If  your  pij:)e  is  properly  laid  out  you  will  be  free 
from  undue  pressui'e  at  any  one  such  point. 

The  last  statement  in  the  paper,  to  which  Mr.  Dean  has  been 
asked  to  contribute  more  details,  contains  a  feature  which,  I 
think,  may  have  been  the  cause  to  a  great  extent  of  the  lack  of 
economy  of  the  old  svstem.  I  see  that  it  had  artificial  draus^ht. 
AVhen  you  put  artificial  draught  in  the  hands  of  the  ordinary 
hospital  engineer  he  is  very  apt  to  use  it  as  he  feels  inclined.  I 
have  had  a  case  in  my  experience  during  the  last  four  years  of  a 
hotel  uptown  where  the  operating  engineer  was  not  satisfied 
unless  he  had  artificial  draught.  He  had  some  blowers  put  in, 
and  when  he  felt  good  he  would  run  the  fans  at  one  speed,  and 
when  he  felt  bad  he  would  run  them  at  another  until  he  finally 
came  to  the  conclusion  that  the  chimnev  was  all  wronor.  So  he 
had  a  new  steel  stack  built  in  the  back  yard.  At  last  the  owner 
began  to  discover  that  something  was  wrong,  and  he  finally 
thought  it  might  be  the  engineer.  So  he  sent  away  the  engineer, 
and  now  the  plant  is  running  very  nicely  without  the  blowers. 

Jl/r.  liockioood. — Mr.  Bolton  has  touched  on  several  very  im- 
portant points,  but  his  advocacy  of  screwed-flange  joints  surprises 
me.    Mr.  Bolton  is  a  little  behind  the  times  there,  I  think.    I  am 
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going  to  take  down  an  elbow  next  week  which  has  got  a  screw  joint 
on  it  which  was  put  on  by  one  of  the  best  of  piping  contractors. 
It  is  leaking  through  the  screw  threads.  I  must  take  it  down  and 
put  on  another  flange,  and  if  that  won't  cure  it,  provide  another 
elbow.  Engineers  oscillate  between  expense  and  the  screw  joint, 
and  they  will  finally  come  out  on  the  side  of  expense  every  time 
when  they  get  through  experimenting. 

Mr.  Bolton  spoke  again  of  the  double-feed  pipe  system  which  he 
savs  Mr.  Dean  uses.  I  do  not  know  whether  he  has  it  or  not ;  but 
Mr.  Bolton  said  that  he  could  not  put  it  in  a  plant  in  this  city, 
because  the  owners  would  object  on  account  of  the  cost.  We  have 
in  Massachusetts  a  class  of  men  who  say :  "  I  have  tried  to  employ 
a  good  engineer,  and  I  am  going  to  abide  implicitly  by  what  he  says. 
I  trust  his  engineering  and  also  his  financial  instinct,  and  if  they 
are  wrong,  I  am  going  to  be  wrong  with  them.  If  they  are  right 
I  am  going  to  get  the  benefit ;  but  I  am  not  going  to  pay  for  two 
men's  mistakes."  And  I  want  to  say  that  the  more  owners  follow 
that  principle  implicitly,  the  less  the  money  loss  will  be.  This  is 
the  result  of  my  experience,  and  I  think  Mr.  Dean  will  second  it. 
There  is  no  egoism  in  that  at  all,  but  just  common  sense.  One 
man  will  make  a  certain  number  of  mistakes  in  any  undertaking 
which  he  may  enter  upon,  whether  he  be  an  owner,  an  architect 
or  an  engineer.  That  proves  to  be  the  case  every  time.  There- 
fore, it  is  better  to  let  one  man  control  the  work  than  to  have  two 
men  or  ten  men  control  it.  "  Too  many  cooks  spoil  the  broth." 
How  true  that  is  in  engineering!  One  should  not  choose  an 
engineer  in  a  haphazard,  half-hearted  way  and  watch  him  as  a 
cat  watches  a  mouse ;  but  choose  a  man  whose  character  is  large 
enough  and  whose  experience  is  large  enough,  in  your  estimation, 
for  him  to  be  trusted  with  the  job  and  leave  him  alone.  That  is 
what  all  broad-minded  men  do  to-day  in  Massachusetts.  (Applause.) 

Mr.  William  Kent, — I  do  not  think  any  greater  heresy  has 
ever  been  propounded  on  the  floor  of  this  room  than  Mr.  Rock- 
wood  has  just  delivered.  In  quoting  the  ancient  Scotch  proverb, 
"  Too  many  cooks  spoil  the  broth,"  he  has  forgotten  the  scrip- 
tural proverb,  "  In  the  multitude  of  counsellors  there  is  wisdom." 
(Applause)  Right  down  in  Boston,  near  his  own  home,  the  big- 
gest job  done  lately  was  that  job  of  the  Boston  terminal.  Mr. 
Kerr  read  a  paper  a  year  ago  in  which  he  stated  how  it  was  done. 
The  owners  called  in  his  firm  and  advised  with  them.  The  firm 
did  not  take  one  man  and  expect  that  he  would  be  a  big  enough 
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engineer  to  take  the  whole  plant.  They  said :  "  We  will  appoint  a 
Board  of  Engineers  and  we  will  have  them  investigate  the  subject 
and  will  then  get  them  into  a  room  and  discuss  their  report."  They 
did  concentrate  the  authority.  But  they  went  to  a  great  number  of 
men.  The  man  that  trusts  one  man  too  much  makes  a  mistake^ 
Some  years  ago  I  said  that  no  one  man  was  capable  of  designing  a 
long  line  of  steam-pipe.  It  takes  two  men,  because  one  man  will 
make  mistakes  and  the  other  man  may  find  them.     (Applause.) 

Mr.  C.  J.  n.  Woodbury. — There  is  another  phase  of  this  subject 
in  that  of  all  the  useful  applications  of  the  electric  light  none  has- 
been  more  beneficial  to  humanity  than  its  use  in  the  illumination 
of  hospitals.  The  forerunner  of  this  complete  plant,  which  has 
been  described  to-night,  was  a  small  plant  of  about  600  lights  put  inta 
that  hospital  about  twelve  years  ago,  with  many  misgivings  on  the 
part  of  the  trustees  of  the  hospital.  The  result  was  so  favorable 
that  the  City  Hospital  in  Boston  soon  followed,  as  did  other  hos- 
pitals, in  the  use  of  electric  illumination  in  the  wards  and  rooms* 
I  believe  that  the  one  to  which  I  referred  was  the  first  instance 
of  electric  illumination  of  a  hospital.  In  the  Massachusetts 
General  Hospital  the  wards  did  not  have  any  gas  pipes  in  them, 
and  lights  were  not  allowed  in  there,  except  candles,  in  cases  of 
emergency,  the  lights  being  in  the  nurses'  pantry,  in  the  passage- 
way leading  to  the  wards.  The  Massachusetts  General  Hospital 
has  been  a  remarkably  progressive  institution.  It  was  there  that 
anaesthetics  were  first  used,  and  many  of  the  brilliant  surgical 
operations  of  late  years  were  first  performed  there.  After  the  in- 
troduction of  electric  light  they  found  it  was  possible  to  perform  a 
great  many  operations,  particularly  those  on  poor  unfortunates  who- 
were  brought  in  at  night  as  the  worst  sufferers  from  some  brawl 
or  assault,  and  the  results  of  this  form  of  illumination  have  been 
exceedingly  valuable,  because,  instead  of  temporary  treatment, 
operations  were  performed  which  had  never  before  been  done 
except  during  daylight. 

The  Chairman. — Mr.  Dean,  would  you  like  to  reply  to  the 
remarks  which  have  been  made  ? 

Mr.  Dean. — In  one  of  the  first  discussions  of  the  paper  some 
reference  was  made  to  the  large  size  of  the  pipe  conducting  the 
steam  to  a  distant  point,  and  the  result  of  the  slow  velocity  and 
consequent  inefficient  action  of  the  separators  which  were  intended 
to  take  the  water  out,  and  thereby  render  the  safety  of  the  pipe» 
in  the  infirmary  greater.     If,  however,  the  writer  of  the  discus* 
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Bion  will  examine  the  diagram  on  page  403,  he  will  see  that  in  the 
case  of  the  heating  system  the  separator  was  reduced  from  10 
inches  to  7  inches  on  purpose  to  accelerate  the  velocity,  and 
thereby  throw  out  the  water  more  eflfectually  than  it  would  other- 
wise have  done.  The  exhaust  pipe  was  drained  in  two  or  three 
places  between  the  engines  and  Infirmary. 

Some  reference  has  also  been  made  to  a  smash-up  that  occurred. 
Looking  at  the  diagram  at  the  top  of  page  403,  and  the  same  thing 
is  shown  in  another  diagram,  there  is  a  10-inch  pipe  that  comes 
out  in  the  tunnel.  It  is  more  apparent,  I  think,  on  the  diagram 
at  the  top  of  the  page.  You  will  see  that  the  12-inch  pipe  joins 
the  elbow.  That  was  very  carefully  drained,  and  this  break  that 
occurred  happened  in  spite  of  the  precautions  that  were  taken  just 
to  prevent  that  sort  of  thing.  After  this  a  drain  was  connected 
to  the  Infirmary  end  of  the  12-inch  pipe  in  the  tunnel,  and  there 
has  been  no  repetition  of  the  accident,  and  it  has  been  rather 
mysterious,  at  least,  to  me.  In  connection  with  that  I  will  say 
that  a  very  interesting  thing  occurred.  That  12-inch  pipe  had 
«crew-joints  screwed  as  far  as  commercial  pipes  usually  do,  I 
should  say  about  two-thirds  of  the  distance  through.  The  flange 
cracked,  the  pipe  pulled  out,  and  there  was  no  evidence  whatever 
of  the  thread  being  scraped,  upset,  or  injured  to  the  slightest  ex- 
tent. The  flange,  after  pulling  off  the  pipe,  closed  together  so 
tightly  that  you  had  to  look  pretty  sharply  to  see  the  crack. 

In  regard  to  the  narrow  building,  somebody  said  it  was  best 
for  the  engineer  to  have  what  he  wanted,  and  make  the  architect 
do  what  the  engineer  wanted  him  to  do.  I  fully  agree  with  that 
in  a  great  many  cases.  But  in  this  case  the  width  had  to  be  as 
narrow  as  it  possibly  could  be,  and  was  determined  by  me.  I 
had  all  the  width  that  I  wanted,  and  did  not  care  for  more. 

In  regard  to  Mr.  Bolton's  comment  about  the  difficulty  to  be 
encountered  when  the  other  four  boilers  are  put  in  on  the  other 
side,  I  anticipate  no  diflSculty.  It  can  be  done  in  a  perfectly 
safe  and  satisfactory  way. 

Referring  to  the  criticism  that  a  separator  was  put  in  after  the 
steam  had  passed  through  the  heater,  and  that  the  steam  ought 
not  to  pass  through  the  heater,  the  fact  of  the  matter  is  that 
whenever  the  whole  of  the  exhaust  can  be  used  without  passing 
it  through  the  heater,  it  is  not  so  passed.  Of  course  then  the 
separator  does  not  have  so  much  to  do.  But  the  truth  of  the 
matter  is  that  when  a  man  gets  up    a  plan  to  use  up  exhaust 


.4 


424   THE  POWER  PLANT  OF  THE  MASSACHUSETTS  GENERAL  HOSPITAL^ 

steam,  he  must  be  sure  that  he  uses  it  up,  and  if  there  is  any  time 
in  the  year  that  it  cannot  go  to  heating,  or  any  use  that  they  put 
it  to  in  the  wards,  he  had  better  put  it  through  something  to  use 
it  up,  and  if  it  is  more  than  used  up,  to  make  up  the  supply 
otherwise. 

In  regard  to  the  tunnel,  I  did  not  design  the  tunnel  just  as 
Mr.  Rockwood  has.  The  tunnel  is  not  very  far  from  the  Charles 
Iliver,  and  I  think  that  all  of  the  ground,  possibly  not  where  the 
tunnel  is,  but  very  near  to  it,  has  been  filled,  and  high  water  comes 
about  up  to  the  bottom  of  the  tunnel,  and  it  was  very  important 
to  have  the  tunnel  as  high  as  possible.  It  was  made  rather  shal- 
lower than  Mr.  Rockwood's,  and  in  order  to  have  as  shallow  a 
roof  as  possible  no  arch  form  was  used.  Heavy  T-irons  were  put 
across,  and  then  bricks  were  introduced  and  tar  liberally  used  on 
the  courses  of  brick,  and  there  never  has  been  a  leak  to  my 
knowledge. 

Some  reniai'ks  have  been  made  which  evidently  presuppose  that 
we  designed  the  whole  heating  system  of  both  institutions.  We 
did  not  do  that.  AVe  simply  connected  to  what  had  been  done 
years  before.  In  the  case  of  the  Infirmary,  the  heating  had  been 
done  from  the  architect's  specification,  and  the  decision  to  com- 
bine the  general  ]X)wer  plant  of  the  two  institutions  was  not 
reached  until  the  Infirmary  was  finished,  and  we  merely  con- 
ducted steam  to  one  corner  of  the  Infirmarv,  and  it  did  not  lie  in 
our  power  to  use  the  vacuum  system. 

In  regard  to  220  volts,  one  speaker  mentions  the  use  of  the  three- 
wire  system  from  one  generator.  This  was  not  brought  to  my 
attention  by  our  electrical  consulting  engineers  at  the  time. 

There  is  evidently  an  understanding  on  the  part  of  Mr.  Bolton 
that  the  feed  water,  in  case  of  one  boiler  being  used  as  a  tank,  is 
pum|)ed  out  of  the  blow-oflf  tank.  That  is  not  the  case.  There 
is  a  valve  in  the  blow-oflf  pipe  between  the  boilers  and  the  tank 
which  can  be  closed,  and  then  another  branch  from  the  blow-oflf 
pipe  Avith  a  valve  goes  to  the  injector.  In  regard  to  letting  the 
boiler  stand  full  of  water,  that  is  not  done.  In  Boston,  and  no 
doubt  everywhere  else,  the  city  gives  quite  a  long  notice  of  the 
shutting  oflf  of  the  water.  I  remember  a  case  the  other  day  in 
which  they  gave  seven  houre'  notice.  In  another  plant  in  Boston 
which  had  this  same  provision  they  immediately  filled  an  empty 
boiler  to  the  top  and  it  held  water  for  a  run  of  seven  hoars. 
When    the   water   was    actually    shut    off    they    proceeded   to 
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pnmp  the  water  out  of  the  boiler.  By  that  time  the  main 
was  repaired. 

Id  regard  to  the  use  of  tlie  two  stop-valves  for  each  boiler  I 
never  have  put  in  but  one,  although  I  have  had  my  attention 
called  to  the  possible  advisability  of  it.  I  presume  that  any  plant 
some  time  or  other  will  get  into  such  a  condition  that  you  wilt 
wish  that  you  had  done  something  olse.  I  suppose  that  the  worst 
possible  thing  that  could  happen  in  this  case  would  be  the  corro- 
sion of  one  of  the  pipes,  and  then  you  might  wish  that  you  had  a 
valve  somewhere  else.  I  think  that  it  is  best  to  let  the  future  take 
care  of  that.     I  do  not  believe  that  there  will  be  any  trouble. 

I  had  no  idea  that  this  paper  would  create  discussion,  bat  the 
discussion  has  become  extensive.  It  shows  that  there  are  many 
members  who  are  sufficiently  interested  in  such  matters  to  go  to 
considerable  trouble  to  examine  and  write  discussions  of  a  steam 
plant.  It  shows  also,  once  more,  that  doctors  disagree,  but  it  is 
gratifying  to  find  so  much  approval,  nevertheless.  I  am  particu- 
larly gratified  to  find  that  Mr.  Rockwood  and  I  were  proceeding 
simultaneously  upon  the  same  lines.  As  interest  has  been  ex- 
pressed in  the  boilers  I  add  detailed  drawings  of  them. 

Mr.  Rockwooil  asked  how  it  was  determined  that  the  new  plant 
was  more  efficient  than  the  old  one.  It  was  determined  simply  by 
comparing  the  coal  consumptions  before  and  after.  That  is  all. 
1  cannot  fully  explain  the  economy,  because  I  know  so  little  of 
the  old  plant. 

Mr.  Rockwood. — It  did  not  seem  credible ;  that  is  all,  Mr.  Dean. 
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}Vo.    993.* 

AX  AMERIGAX  CENTRAL    VALVE  ENGINE. 

BT  E.   T.  ADAMS,   MILWAUKEE,  WIS. 

(Member  of  the  Society.) 

A  HOLLOW  piston-rod  with  a  valve  therein  is  the  essential 
feature  of  all  central  valve  engines.  The  idea  of  this  combina- 
tion is  very  old.  It  was  old  in  this  country  when  Peter  Willans 
took  it  up  in  England  and  made  it,  literally  and  figuratively, 
the  central  feature  of  the  Willans  engine.  However,  no  matter 
to  whom  may  be  due  the  barren  honor  of  having  originated  the 
idea,  the  brilliant  success  of  Peter  Willans  made  the  "  central 
valve  "  his  own,  and  to  him  should  be  accorded  the  honor  per- 
taining thereto. 

Commercially,  Willans's  success  is  represented  by  sales  aggre- 
gating 320,000  horse-power,  chiefly  in  units  of  100  to  300  horse- 
power ;  but  from  an  engineering  standpoint  the  measure  of  his 
success  and  the  convincing  proof  of  Peter  Willans's  genius  is 
that  he  could  take  this  engine,  so  complex  in  detail,  with  its 
multiplicity  of  cylinders  and  its  extremely  high  rotative  speed, 
and  actually  make  it  the  standard  of  excellence  in  the  home  of 
the  ponderous,  slow-going  Cornish  engine,  and  among  a  people 
so  conservative,  so  opposed  to  innovation,  as  our  steady-going 
brethren  in  Great  Britain. 

In  America,  the  Willans  engine,  in  spite  of  its  admittedly  high 
record  for  economy,  has  been  received  somewhat  coldly.  It  is 
manufactured,  under  license  from  the  English  builders,  by  the 
Bullock  Manufacturing  Co.  of  Chicago,  and  those  who  knew 
the  late  M.  C.  Bullock,  member  of  this  Society,  can  testify  that 
its  failure  could  not  be  due  either  to  lack  of  proper  enterprise 
on  his  part,  or  to  lack  of  that  superfine  workmanship  which  the 
Willans  design  makes  the  sine  qua  non  of  the  practical  operation 
of  the  Willans  engine. 


*  Presented  at  the  Now  York  meeting  (December.  1900)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the 
Trnnmrtions. 
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The  engine  wLose  valve  gear  is  here  described  represents  an 
effort  to  work  up  the  old  central  valve  idea  in  a  form  which 
shall  retain  the  high  economy  o£  the  English  design,  but  which 
shall  also  meet  existing  American  conditions  and  conform  to 
safe  American  practice.  This  has  led  to  so  much  that  ia 
broadly  new,  and  to  combinations  so  widely  difl'erent  from  those 
ailopted  by  "WiUans,  that  the  designer  feels  that  the  title,  "An 
American  Central  Valve  Engine,"  is  entirely  justified. 

It  seems  desirable  to  divide  the  description  of  this  engine 
into  two  parts : 

1.  A  general  statement  of  the  conditions  controlling  design, 
with  an  outline  of  the  essential  features  of  the  type  of  engine 
which  is  thereby  indicated. 

2.  A  brief  description  of  the  valve  gear  of  an  American 
central  valve  engine. 

The  conditions  to  be  met  are  assumed  to  be  the  usual  condi- 
tions existing  iu  small  isolated  lighting  and  power  installations, 
as  typified,  for  example,  by  the  power  plant  of  a  modern  office 
building,  and  the  accompanying  design  has  been  worked  out  on 
the  theory  that  the  essential  features  of  the  engine  beat  adapted 
to  this  class  of  service  should  be  as  follows  : 

Moderate  Speed,  both  relative  and  absolute;  that  is,  any 
engine  should  Iw  capable  of  being  operated  with  safety  at  a 
speed  40  to  50  per  cent,  in  excess  of  its  rated  speed ;  and  for  the 
service  here  specified  the  absolute  or  rated  speed  should  not 
exceed  'iOO  to  300  revolutions  per  minute,  depending  on  the 
size  of  the  unit.  The  latter  condition  tends  to  reduce  danger  of 
vibration,  while  the  former  tends  to  lower  cost  for  atteudaiice, 
depreciation,  and  repairs,  and  in  a  way  may  be  regardid  -..s 
insurance  against  careless  design,  bad  workmanship,  or  too  Iiigb 
rating. 

A  VERTrcAL  Engine,  because  it  requires  less  floor  space,  and 
avoids  the  tendency  of  piston  and  valve  to  wear  down  antl  cause 
leakage,  which  is  so  frequently  a  source  of  trouble  iu  horizontal 
engines.  This  also  involves  the  proposition  that  a  vertical 
piston-valve,  of  fixed  travel,  properly  fitted  with  rings,  and 
■workiug  on  a.  seat  ao  designed  that  "  shoulders "  can  not  be 
formed,  can  be  made  tight  initially,  ami  will  remain  tight,  and 
is  by  far  the  most  satisfactory  and  efficient  valve,  aside  from  a 
poppet  or  a  Corliss  valve,  now  in  use 

A  SiNGLE-.\cTiSG  E?JfiiNF. — This,  if  the  engine  is  to  be  vertical, 
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is  enforced  by  the  limited  head  room  usually  available.  It  is 
desirable  in  the  particular  design  shown,  in  that  it  makes  all 
parts  of  the  engine  so  easily  accessible  ;  but  it  is  perhaps  chiefly 
desirable  since  it  makes  it  possible  to  prevent  any  reversal  of 
stress  on  the  pins  and  bearings,  thus  insuring  an  engine  that 
will  be  noiseless,  no  matter  how  severe  the  service  demanded, 
or  how  limited  the  opportunity  for  adjustment. 

A  Central  Valve  Engine,  because  it  allows  ample  port  open- 
ing with  very  low  clearance ;  because  it  affords  practically  per- 
fect drainage  of  the  cylinder  at  all  times,  is  simple,  compact, 
accessible,  and  allows  the  lowest  possible  number  of  high-speed 
moving  parts. 

A  Compound  Engine,  provided  that  the  gain  in  economy  shall 
justify  the  expense.  Now,  the  assumed  conditions  indicate  that 
the  engine  must  be  non-condensing,  that  the  load  will  be  vari- 
able, that  the  steam  pressure  will  be  low,  and  that  for  many 
months  in  the  year  the  exhaust  can  be  utilized  in  the  heating 
system.  All  these  factors  are  usually  urged  as  indicating  the 
use  of  a  simple  engine.  It  should  be  noted,  however,  that  the 
poor  showing  of  non-condensing  compound  engines  under  vari- 
able load  is  due  very  largely  to  faulty  steam  distribution.  This- 
trouble  is  not  inherent  in  the  type,  and  can  be  avoided.  At  the 
usual  pressures,  80  to  125,  now  classed  as  "low,"  the  range 
in  temperature  is  still  very  great,  and  should  certainly  be  divided 
when  possible.  Kow  far  down  the  scale  of  pressures  this  may 
profitably  be  carried  is  indicated  by  the  gain  in  economy 
secured  in  the  so-called  "  Cornish  cycle "  by  guarding  the 
cylinder  from  the  small  drop  in  temperature  corresponding  to 
the  difference  between  the  terminal  pressure  and  the  back 
pressure.  During  the  months  when  the  exhaust  can  be  used 
for  heating  there  will  be  long  periods,  in  spring  and  fall,  when 
the  supply  from  a  simple  engine  will  exceed  the  demand,  and  it 
is  an  unfortunate  fact  that  the  periods  of  maximum  demand  for 
heat  and  maximum  demand  for  power  are  usually  at  opposite 
ends  of  the  day.  In  the  design  here  presented,  the  cost  of  a 
compound  engine  will  be  only  slightly  greater  than  the  cost  of 
a  simple  engine,  and,  as  compared  with  the  usual  design  of 
simple  automatic  engine,  should  require  from  30  to  50  per  cent. 
less  steam,  with  proportionate  decrease  in  fuel  required. 

Combined  Throttling  and  Variable  Cut-off. — With  variable 
load,  maximum  economy  will  bo  secured  by  a  combination  of 
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throttling  control  for  light  loads,  and  variable  cut-off  to  allow 
capacity  for  heavy  overload.  This  is  shown  very  neatly  by  the 
accompanying  diagram  (Fig.  138)  adapted  from  Willans  steam- 
engine  trials.  The  line  ABC  gives  the  variation  in  total  water  per 
hour,  with  variation  in  load,  when  the  initial  pressure  is  constant 
and  cut-off  is  varied.  The  straight  line  DB  gives  the  variation  in 
total  water  per  hour,  with  variation  in  load,  with  throttling  con- 
trol and  a  fixed  cut-off  corresponding  to  B.  Evidently  the 
throttling  system  gives  the  better  economy  for  all  loads  lighter 
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than  that  corresponding  to  the  point  of  tangency  between  the 
straight  line  and  the  curve,  and  manifestly  the  ideal  plan  for  the 
conditions  here  assumed  is  variable  cut-off  from  C  to  B ;  cut- 
off becoming  stationary  at  the  latter  point,  and  all  lighter  loads 
to  be  met  by  throttling ;  the  variation  in  total  water  per  hour 
under  the  combined  throttling  and  automatic  system  of  control 
being  given  by  the  curve  DBC,  which  corresponds  to  a  very 
moderate  variation  in  water  per  indicated  horse-power  for  the 
extreme  range  of  load. 

This  description  of  some  of  the  essential  features  of  this  en- 
gine and  of  the  reasons  for  their  adoption  leads  up  to  the  follow- 
ing brief  description  of  the  valve  gear  and  system  of  regulation. 
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The  Valtb  Gear. — Pig.  139  is  a  section  taken  through  the 
low-pressure  cylinder  at  right  angles  to  the  shaft.  It  is  intended 
to  illustrate  the  action  of  the  valve  gear  and  does  not  show  the 
actual  construction  of  the  engine  as  a  whole.  As  shown  in  the 
cut,  the  low-pressure  crank  is  on  its  upper  centre,  and  the  main 
valve  is  open  by  the  lead.    I'be  course  of  the  steam  at  this 


instant  is  from  the  space  above  the  cylinder  head  down  throagh 
the  hollow  piston-rod  and  the  ports  in  the  main  valve  to  the 
upper  side  of  the  piston.  On  the  return  stroke  the  valve  will 
open  a  passage  between  the  two  sides  of  the  piston,  and  the 
exhaust  simply  passes  from  the  space  above  the  piston  to  the 
space  below  it.  On  the  low-pressure  side  the  latter  is  in  com- 
munication with  the  exhaust ;  on  the  liigli-pressure  side  it  forms 
part  of  the  receiver.    The  main  valve  is  a  balanced  piston-valve, 
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driven  by  fixed  eccentrics  on  the  crank-pm,  hence  the  valve  has 
a  motion  rehttive  to  the  hollow  piston-rod,  which  is  proportional 
to  the  throw  of  the  eccentric,  and  both  valve  ftnd  rod  have  a 
motion  relative  to  the  frame,  proportional  to  the  length  of  the 
crank.  The  former  motion  controls  admission,  release,  and 
compression;  the  latter,  as  will  presently  be  shown,  controls 
oat-o£ 

The  main  valve  is  designed  chiefly  with  reference  to  the 
clearance.  In  the  sketch  submitted,  Qib  stroke  is  short  and 
clearance  is  aboat  8  per  cent.  The  main  valve  is  designed  to 
release  very  late  in  the  stroke,  and  to  compress  to  nsual  receiver 
pressure,  hence  the  main  valve  will  have  a  fixed  cut-off  at 
{-stroke  or  later.  This,  however,  is  merely  a  secondary  cnt-off,  a 
safeguard  against  leakage  through  to  the  exhaust.  Cut-off 
proper  takes  place  at  practically  full  piston  speed,  when  the 
ports  in  the  main  valve  run  behind  the  stationary  cut-off  sleeve, 
and  variation  in  cut-off  is  secnred  by  adjusting  the  height  of 
this  sleeve.  Evidently  the  cut-off  sleeve  has  this  in  common 
with  the  ordinary  throttle  valve.  It  is  stationary  when  the  load 
is  constant,  and  only  needs  adjustment  when  there  is  a  change 
in  load.  Hence  the  two  may  be  controlled  by  the  same  regu- 
lator, and  if  they  shall  be  so  combined  and  adjusted  that  fixed 
cut-off  shall  never  be  earlier,  and  the  throttling  action  of  the 
yalve  shall  never  extend  later  than  that  point  of  cut-off  which 
affords  maximum  economy,  say  ^-stroke,  we  secure  the  ideal 
system  of  steam  distribution  for  an  engine  subjected  to  variable 
load,  with  the  further  practical  advantE^^e  of  a  high-speed  engine 
without  any  high-speed  rocker  arms  and  other  flying  parts  in 
its  regulator  connections. 

As  is  to  be  expected  in  any  departure  from  beaten  paths, 
many  interesting  problems  have  arisen  in  the  development  of 
this  design,  practically  all  of  which  have  been  omitted  here, 
in  accordance  with  the  belief  that  the  general  engineering  propo- 
sitions laid  down  at  the  outset  are  of  more  general  interest 
than  the  details  of  any  particular  engine.  It  is  always  true 
that  how  or  by  whom  any  work  shall  be  done  is  ever  of  less 
importance  thau  the  result  to  be  attained. 

And  in  brief  the  result  here  sought  may  be  called  the  recon- 
struction of  the  simple  automatic  engine.  The  time  has  come 
when  it  should  be  radically  changed  or  should  be  replaced  by 
something  better.     In  every  essential  part,  save  only  in  regu- 
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latioiiy  it  fails  to  satisfy  the  conditions  with  which  it  is  con- 
fronted. Its  steam  consumption  in  the  cylinder  is  perhaps 
moderate  enough,  but  the  leakage  direct  to  the  exhaust  is 
enormous.  Its  first  cost  is  perhaps  low  enough,  but  its  cost  at 
the  end  of  ten  years  is  beyond  all  reason.  In  its  day  it  was 
perhaps  good  enough,  but  that  day  is  now  past,  and  the  time  is 
ripe  for  the  substitution  of  a  type  free  from  the  restrictions  im- 
posed by  early  mistakes,  and  by  the  traditions  of  its  past,  for  a 
new  and  better  type  to  meet  the  new  demands  of  a  new  century. 

DISCUSSION. 

Prof.  li.  TL  Thurston. — During  my  college  days — which  were 
also  days  of  most  profitable  work,  in  odd  hours  and  holidays,  in 
shops  and  drawing-rooms  of  a  steam-engine  building  establish- 
ment— I,  at  one  time  (1857-59)  gave  some  attention  to  a  central 
valve  engine,  embodying  the  main  principles  of  the  Willans,  and 
I  presume  that  some  of  my  rough  drafts  and  sketches  are  still 
in  existence  among  my  papers  of  that  date.  The  admirable 
features  of  close  working  of  valve  to  cylinder  and  the  resultant 
minimum  possible  port-space  seemed  to  me  at  that  time  so 
important  a  matter  as  to  justify  some  sacrifice  in  other  direc- 
tions to  secure  it ;  but  I  was  too  busy  with  immediately  im- 
perative work  of  other  sorts  to  perfect  a  plan  which  I  was  sure 
might  be  made  practically  useful.  My  judgment  has  since  been 
confirmed  by  the  success  of  the  Willans  engine ;  which  has 
certainly  proved  itself  a  very  efficient  machine.  Apart  from  the 
rc>daced  "  dead  spaces,"  I  was  not  inclined  to  claim  advantage 
for  that  type,  and  since  the  practicability  of  placing  valves  in 
the  heads,  as  has  been  done  by  Corliss  and  Reynolds  and  others 
afterward,  has  been  proved  by  experience  and  has  thus  ac- 
complished the  same  end,  for  some  forms  of  valve  gear,  at  least, 
in  a  better  way,  I  have  thought  less  about  my  old  plan.  With 
the  piston-valve,  however,  it  has  seemed  to  me  the  one  desir- 
able construction  ;  for,  as  usually  applied,  that  valve,  excellent 
as  it  is  from  its  balancing  so  perfectly,  introduces  such  enor- 
mous port  spaces  that  its  advantages,  on  the  whole,  may  well 
be  questioned  where  maximum  economy  is  imperative. 

For  the  introduction  and  perfection  of  the  central  valve  en- 
jrine,  Willans  is  certainly  entitled  to  all  the  honor  which  Mr. 
Adams  demands  for  him.     But  he  is  entitled  also  to  honor— 
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possibly  in  even  higher  degree — for  the  scieutific  work  which 
he  performed  iu  conQection  with  that  achievement,  and,  in  the 
eyea  of  the  protessionul  engineer,  especiallj'  for  his  beautifully 
scientific  and  sound  methods  of  development  of  its  form  and 
proportions  and  for  his  methods  of  revealing  its  excellencies  and 
defects,  of  promoting  the  former  and  reducing  the  latter,  finally 
developiug,  and  laying  before  the  profession,  the  whole  physical 
theory  of  the  machine  in  a  more  complete  and  ailmirable  man- 
ner than  was  ever  before  seen  since  Watt  began  his  work  by 
making  it  a  study  as  a  problem  in  applied  science. 

Mr.  Adams — whose  work  I  have  bad  the  pleasure  of  watching 
from  its  inception,  when  he  was  at  Cornell  and  in  Sibley  College — 
has  made  a  restudi/  of  the  whole  problem  by  similarly  careful 
and  exact  methods,  and  his  new  plana  seem  to  me  worthy  of 
careful  consideration. 

I  think  that  he  restricts  himself  needlessly,  however,  in  the 
proposition  relative  to  speed.  I  see  no  reason  why  he  should 
not  follow  Mr.  Porter  and  design  his  engine  for  a  practically 
perfect  balance,  standing  and  running,  of  all  its  parts,  and, 
where  desired  by  users,  place  his  engine  in  competition  with 
the  professedly  high-speed  engines  of  the  time.  There  ia  no 
trouble  about  driving  a  high-speed  engine  at  moderate  speeds 
where  desired ;  but  there  maybe  serious  trouble  in  working  a 
low-speed  engine,  not  particularly  designed  for  perfect  balance 
and  high  speeds,  up  to  often  desirable  velocities.  The  final 
choice  of  speed  may  be  safely  left  to  the  user,  who,  in  these 
days,  can  always  have  at  hand  expert  advice  iu  matters  of 
detail. 

The  advantages  of  the  vertical  engine  have  come  to  be  tardily 
recognized  in  stationary  engineering;  but  I  think  that  they  are 
undoubted.  At  sea,  where  we  have  the  most  trouble  of  all 
problems  in  steam-engine  design,  they  have  been  compulsorily 
adopted,  and  have  proved  entirely  satisfactory  for  many  years 
past,  They  are  only  now  coming  to  be  accepted  on  land  as  a 
most  desirable  type  ;  although  the  builders  of  pumping  engines 
introduced  them  years  ago,  displacing  the  old  and  long-stand- 
ard beam  engine — then  the  only  representative  of  the  vertical 
engine.  On  large  sizes,  the  engineer-in-charge  often  objects  to 
the  inconvenience  of  climbing  about  the  engine  in  his  inspec- 
tions ;  but,  on  the  whole,  there  is  little  doubt,  I  think,  that  this 
is  the  position  in  which  to  set  the  steam  cylinder.     The  engine 
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is  also  cheap  to  build,  compact,  occupying  little  floor-space  and, 
as  a  rule,  none  too  much  head-room ;  it  is  long-enduring  and 
economical.  The  proposed  single-acting  feature  seems  to  me 
desirable  for  high  speeds  and  small  engines,  but  not  so  for  large 
powers.  The  piston  form  of  the  central  valve  is  ideal  in  respect 
to  reduction  of  waste  space  and  when  properly  fitted  in  a  well- 
designed  cylinder,  in  giving  opportunity  to  relieve  the  cylinder 
of  water ;  which  was  an  advantage  perhaps  most  emphatically 
urged  by  Willans,  who  thought  the  presence  of  water  in  the 
cylinder  not  only  dangerous,  as  all  engineers  admit,  but  destmc* 
tive  of  economy.  One  of  his  primary  points  in  design  was  a 
construction  permitting  the  immediate  sweeping  out  of  all  water 
from  the  cylinder,  with  the  opening  of  the  exhaust  In  fact, 
this  was  a  point  recognized  no  less  clearly  by  American  en- 
gineers long  before  him,  as  seen  in  the  work  of  Corliss  and 
Greene  and  their  contemporaries. 

Compounding,  in  the  present  state  of  the  market  and  of  en- 
gineering practice,  is  the  unquestionably  advisable  plan,  and,  I 
think,  for  even  much  smaller  engines  than  have  been  iisually 
built  in  that  form.  The  smaller  the  engine  the  more  wasteful, 
other  things  equal,  and  the  larger  the  opportunity  for  gain  by 
this  device,  economy  of  steam  being  considered ;  while  I  imagine 
it  will  be  found  that  the  finance  of  the  case  will  often  dictate 
this  construction  even  more  imperatively  than  in  large  sizes. 
That  is  a  question  easily  settled  for  any  given  case  and  time  and 
state  of  the  market,  and  no  builder  need  remain  uncertain  as  to 
the  best  policy  in  adopting  a  new  design.  As  a  rule,  with  proper 
proportions,  the  compound  engine  with  its  boiler  will  cost  less 
than  the  simple  engine  with  its  boiler,  and  the  "  plant"  will  give 
a  double  profit  over  the  simple  machine  and  its  accessories.  In 
the  comparatively  rare  case  in  which  the  exhaust  steam  can  be 
used  as  profitably  as  if  taken  direct  from  the  boiler — and  its 
amount  thus  becomes  unimportant  where  all  the  exhaust  from 
the  most  wasteful  engine  can  be  used  profitably,  as  in  a  woolen 
mill,  where  it  can  go  to  the  kier-house  or  the  dyeing  depart- 
ment, and  there  have  all  the  value  of  prime  steam — it  is,  of 
course,  a  matter  of  no  importance  how  wasteful  the  engine  may 
be,  or  what,  or  how  cheap,  the  type  and  proportions  and  con- 
struction adopted  for  power  purposes. 

Mr.  Adams  makes  a  good  point  in  his  discussion  of  the  values 
of  throttling  and  expansion  regulation  ;  the  one  having  its  place 
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at  very  light,  the  other  at  practicaUj  fall  loads  of  a  well-con- 
structed engine.  He  was,  I  think,  one  of  the  first  to  investigate 
this  matter  experimentally  in  the  course  of  his  student  work 
at  Sibley  College.* 

The  details  of  his  design  are,  in  my  opinion,  worthy  of  care- 
ful examination  and  study.  They  include  some  very  interesting 
points. 

Mr.  Adams,  in  this  bit  of  engineering  design,  seems  to  have 
sought  a  combination  of  efficiency  with  low  costs  of  construc- 
tion which  should,  perhaps,  result  in  the  best  possible  com- 
bination of  costs  and  economies;  complying  with  a  principle 
which  I  have  for  many  years  enunciated  in  some  such  form  as 
this :  That  efficiency  is  most  desirable  which,  on  the  one  hand, 
cannot  be  lessened  without  loss  more  than  commensurate  with 
the  gain  in  other  directions,  financially,  and  which  cannot  be 
increased  without  producing  a  greater  accession  of  cost  than 
can  be  compensated  by  the  gain  in  economy  of  operation.  It  is 
what  I  have  been  accustomed,  for  a  generation  and  more,  to 
designate  as  "  The  Golden  Mean  "  in  economies ;  the  point  at 
which  the  mechanism  in  question  earns  most,  net,  to  add  to 
dividends.  This  machine  is  to  compete,  as  I  understand,  with 
the  common,  simple  single-valve  automatic  engine ;  but  I  see  no 
reason  why  it  should  not  quite  as  well,  in  many  cases  if  not  in 
most,  enter  the  field  with  the  high-speed  compounds. 

If  this  valve  can  be  made  tight  to  start  with,  and  kept  tight, 
as  I  am  inclined  to  think  it  can  with  good  water,  free  from  acid 
or  sediment,  I  see  no  reason  why  it  should  not  give  permanent 
and  good  economy.  The  cut-oflf  sleeve  is,  apparently,  the  prin- 
cipal point  of  originality ;  but  the  whole  machine  gives  evi- 
dence of  thoughtful  and  painstaking  work.  It  is  intended,  I 
am  told,  to  be  employed  as  an  "  automobile  "  engine  and  should 
there  find  a  large  field.  If  manufactured  in  a  few  carefully 
selected  sizes,  with  provision  for  standardizing  and  rigid  in- 
spection, there  should  be  obtained  a  good  business  and  a  cheap 
engine — conditions  advantageous  to  both  maker  and  user. 

J//*.  F.  A.  Scheffler, — Mr.  Adams's  very  interesting  paper  is, 
unfortunately,  "  shy  "  on  the  details  as  to  how  the  combination 
in  regulation  of  the  fixed  cut-off  and  the  throttling  action  of  the 


♦  See  •'  Manual  of  the  Steam  Engine/*  Vol.  II.,  pages  566-68,  for  a  case  inves- 
tigated as  above. 
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valv(8  is  effected,  but  a&  he  has  ttsed  the  phra;de  ''If  thdy  Bhdl 
be  so  combined,  etc.,"  I  take  it  for  granted  that  some  day  hB 
expects  to  accomplish  t)ractic&l  results  from  such  a  combiniatibii, 
if  he  has  not  already  done  so.  It  is  to  be  regretted,  howieverf 
that  this  feature  wlas  not  clearly  shown  in  this  paper. 

At  the  top  of  page  4*28  he  states  that  the  compound  engine  of 
the  "  American  central  valve  "  type,  as  compared  with  the  U^ttoZ 
design  of  simple  automatic  cut-off  engines,  should  require  from 
30  to  50  per  cent,  steam.  This  means  that  ihis  compound 
(non-condensing  engine)  will  use  from  15  pounds  to  21  pounds 
steam  per  horse-power  per  hour.  This  is  a  wonderful  result, 
and  will  require  substantiation  by  Mr.  Adams  before  he  can 
expect  the  majority  of  his  readers  to  believe  any  such  results 
can  be  obtained  by  a  central  or  any  other  kind  of  valve  engine. 

Mr,  Robb. — I  think  Mr.  Adams  has  a  number  of  very  nice 
points  on  this  engine,  but  I  would  like  to  ask  him  whether  he 
has  made  any  provision  for  balancing  the  pressure  of  the  trulik, 
which  forms  the  crosshead  of  the  engine,  and  also  whether  he 
makes  any  attempt  to  use  compression  to  overcome  the  inertia 
of  the  reciprocating  parts  on  the  down  stroke. 

3£r.  Adams* — I  would  say,  in  reply  to  the  last  speaker,  that, 
as  previously  stated,  this  engine  is  in  process  of  development, 
and  many  points  are  not  finally  decided ;  but,  as  here  shown, 
the  pressure  on  the  trunk  is  used  to  help  balance  the  inertia 
forces  due  to  the  weight  of  the  reciprocating  parts,  as,  in  an 
engine  of  this  type,  the  clearance  is  too  small  to  be  of  much  as- 
sistance in  bringing  the  reciprocating  parts  to  rest  at  tb'e  end  of 
the  stroke. 

As  to  the  clearance  in  an  engine  of  this  type,  any  one  who  has 
studied  it  will  notice  that  it  is  divided  into  two  parts — ^first,  the 
clearance  proper,  which  goes  back  as  far  as  the  valve,  and  is  in 
the  engine  shown  about  ^  of  1  per  cent,  while  the  total  clear- 
ance, which  includes  a  second  part,  in  which  partial  expansion 
takes  place  during  each  stroke,  is  less  than  3  per  cent,  of  the 
low-pressure  piston  displacement.  Kow,  with  a  small  atiiount 
of  clearance,  that  is  not  enough  to  bring  the  reciprocating  parts 
to  re^t  with  any  degree  of  comfort,  with  a  high  speed  bspecially. 
I  riely  therefore  very  largely  upon  the  area  of  my  pidtbn — ^Whidi 
which  would  have  high-pressure  steam  in  the  high-pressure 

*  Aathor's  closare,  under  the  Rules. 
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side  and  receiyer  predsitre  in  the  low-predsnre  side — ^to  brin^ 
the  Teoiprooating  parts  to  rest.  If  there  is  no  retrersal,  then  wb 
have  our  ooiistant  pressure.  On  the  downward  stroke  there  is 
no  provision  made. 

Begarding  Mr.  Scheffler's  qnei^tibn  as  to  the  steam  per  hour, 
I  take  issue  With  him  in  saying  my  statement  would  mean  a 
water  rate  of  16  pounds.  I  should  be  very  well  content  if,  in 
practice,  engineelrs  would  give  it  an  eyerydsiy  rating,  with  mod- 
erately variable  load  and  ordinary  operating  conditions  of  24  to 
35  pounds  of  water.  Of  course,  under  best  conditions,  it  should 
do  not  far  from  25  per  cent,  better  than  this.  I  have  tested 
quite  a  good  many  simple  and  compound  automatic  engines,  and 
those  that  have  got  under  30  pounds  have  been  few  and  far 
between.  Those  that  have  gone  over  40  pounds  have  been  in 
the  great  majority. 

To  those  who  know  the  cost,  under  usual  operating  condi- 
tions, of  the  power  output  of  practically  all  existing  high-speed 
automatic  engines  it  will  be  evident  that  there  is  a  great  field, 
commercially,  for  an  engine  which  shall  combine  the  high  econ- 
omy of  the  Corliss  with  the  low  first  cost  of  the  automatic.  It 
is  along  this  line  that  the  engine  here  described  is  being  de- 
veloped, and,  because  this  line  is  purely  commercial,  it  seemed 
desirable  to  omit  from  this  paper  all  details,  except  such  as  were 
novel  or  were  considered  purely  from  an  engineering  standpoint. 
This  will  explain  the  lack  of  detail  to  which  Mr.  F.  A.  Bcheffler 
refers. 

Begarding  the  question  of  economy  to  which  Mr.  Bcheffler 
refers,  it  should  be  noted  that  while  practically  all  engines  are 
guaranteed  at  most  favorable  cut-off  and  under  steiady  load,  yet 
engines  are  largely  bought  on  an  engineer's  estimate  of  what 
such  engines  should  do  under  usual  operating  conditions,  with 
such  variations  in  load  and  cut-off  as  are  met  in  ordinary  prac- 
tice. In  the  case  of  the  ordinary  automatic  engine  there  is 
practically  no  relation  between  these  two;  for,  while  it  ib  pos. 
sible  to  put  such  an  engine  in  condition  to  make  a  fairly  eco. 
nomical  showing  on  a  short  test,  it  is  well  understood  that  under 
actual  operating  conditions  the  water  rate  will  be  probably  50 
per  cent.,  and  possibly  100  per  cent.,  in  excess  of  that  shown  by 
an  acceptance  test  for  economy  ;  and  the  reason  is,  partly,  that 
such  engines  are  not  designed  with  reference  to  economy  under 
variable  load,  but  chiefly  because  economy  is  entirely  sacrificed 
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in  an  attempt  to  secure  extremely  close  regulations — that  is,  the 
chief  source  of  loss  is  leakage  direct  to  the  exhaust,  which  can 
seldom  be  prevented  in  this  type  of  engine,  even  for  a  short 
period  of  time. 

The  problem,  then,  as  Dr.  Thurston  so  clearly  points  out,  is 
to  produce  the  engine  which  shall  "  result  in  the  best  possible 
combination  of  costs  and  economies,"  and  to  attain  this  result 
under  the  usual  conditions  of  operation  for  engines  of  this  class. 
This  makes  efficiency  under  variable  load  of  far  more  importance 
than  efficiency  at  most  favorable  cut-off,  and  brings  into  promi- 
nence the  fact  that  it  is  the  water  rate  which  shall  be  maintained 
throughout  the  year,  and  not  the  rate  which  may  be  shown  on 
a  snap  test,  that  is  of  importance,  and  which  should  be  carefully 
considered. 

Begarding  the  question  as  to  speed  which  is  raised  by  Dr* 
Thurston,  there  is,  as  he  points  out,  no  objection  from  an  engi- 
neering standpoint  to  speeds  considerably  higher  than  those 
indicated  in  the  paper,  but  among  the  other  costs  of  an  engine 
is  the  cost  of  selling,  and  it  is  the  author's  experience  that  this 
cost  is  very  considerably  greater  for  a  high-speed  engine  than 
for  one  to  be  operated  at  a  more  moderate  number  of  revolu- 
tions per  minute.  There  is  a  strong  prejudice  against  high 
speed,  both  among  engineers  and  buyers,  founded  on  unfor- 
tunate experiences  with  the  single-valve  automatic  engine,  and, 
while  it  is  possible,  and  even  very  desirable,  from  an  engineering 
standpoint,  to  drive  this  central-valve  engine  at  speeds  far  be« 
yond  those  possible  to  the  single-valve  automatic,  yet  it  has 
seemed  questionable  whether  it  would  not  be  too  expensive  to 
attempt  to  stem  the  tide  of  opposition  to  high  speeds  which  has 
been  raised  by  the  misfortunes  attendant  on  higher  speeds  for 
single- valve  automatic  engines.  As  an  engineering  problem, 
neglecting  finance,  the  speeds  should  be  higher;  but,  on  takinfar 
in  the  financial  considerations,  the  advisability  of  higher  speed 
is  doubtful. 


COMPARATIVE!    VALUE    OP    DIFFERENT   ARRANGE- 
MENTS OF  SUCTION  ATR  CHAMBERS  ON  PUMPS, 


The  membera  of  this  Society  who  were  present  at  the  New 
York  meetiug  of  1892,  when  Mr.  B.  Van  A,  Norrie's  paper  was 
read,  will,  no  doubt,  remember  the  interesting  discussion  that 
followed.f  Mr.  Norris  described  certain  testa  made  on  the  pump- 
ing engines  of  the  Nanticoke,  Pa,,  Water  Works,  showing  the 
economies  obtained  by  receiving  a  suction  supply  under  pres- 
sure, etc.  Incidentally,  mention  was  made  of  the  advantage 
gained  by  the  use  of  a  large  air  chamber  placed  upon  the  suc- 
tion pipe.  In  the  discussion  referred  to  I  called  attention  to 
several  arrangements  of  suction  air  chambers — good  and  bad — 
with  which  I  bad  had  experience, 

I  will  repeat,  in  the  latter  part  of  this  paper,  one  of  the  illos- 
trations  I  then  gave,  showing  the  importance  of  properly  locating 
a  suction  air  chamber  on  a  pump.  I  wish  to  remark,  in  passing, 
how  few  appreciate  that  it  is  quite  as  important  to  provide  an 
air  chamber  on  the  suction  connection  as  it  is  on  the  discharge 
side  of  a  pump.  By  such  practice  you  will  not  only  prevent 
water  hammer  and  its  attendant  evils,  but  it  must  be  remem- 
bered that  the  moving  column  of  water  has  considerable  dynamic 
energy,  and  this  should  be  utilized  to  improve  the  efficiency  of 
the  pump  and  not  to  be  a  detriment  to  it. 

To  avoid  the  noise  and  serious  effect  of  water  hammer,  a  suc- 
tion air  chamber  should  not  only  be  used,  but  it  is  most  impor- 
tant that  it  is  properly  located  and  of  sufficient  size.  I  can  cite 
many  cases  where  suction  air  chambers  have  been  so  placed 
that  they  were  of  little  or  no  use. 

Experience  shows  that  water  or  other  liquids,  passing  under 

•  PresCQted  at  the  New  York  mepting  (December,  1900|  o(  the  American 
Society  of  Mechanical  Engineers,  and  farming  part  at  Volume  XXII.  of  the 
Tranmetiont. 

t  "Testa  of  a  Pump  lieceislng  Suction  Water  Under  Pressure,"  R.  Van  A, 
Norris,  vol.  ii».,  p.  168,  no.  513. 
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Fig.  140. 
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01^  acroas  the  opening  of  an  air  chamber  pl^^sed  at  right  angles, 
to  the  flow,  will  qanae  the  pump  to  pound  abput  as  much  as  if 
no  aix  chamber,  were  used — except  at  a  lo^  rate  of  s]>eed.  Therc^ 
fore,  in  arranging  suction  air  chambers  I  always  urge  that  they 
he  so  located  that  the  energy  or  momentum  of  the  column  of 
water  can  be  expended  directly  upon  the  confined  air  in  them. 
In  otihesi:  wordfl^  it  is  very  necessary  to  get  the  proper  cushion 
effect  for  the  oolumn  of  water  \f hile  the  piston  of  the  pump  is  re- 
versing at  each  stroke,  when  running  at  anything  but  very  slow 
speed. 

I  recently,  tested  a  small ''  31ake  "  simplex  compound  steam, 
pump,  not  only  tp  demonstrate  the  adyantiB|^  of.  the  suqtioi^  aii; 
ehawber,  but  also  to  show  the  raspective  i^erits^  of  tw;o  ^crange^ 
menta  of  such  suction  air  chamb^s.  A^  sl^own  in  Fig.  1pp.  14fijf 
one  ^rangemcQt  was  to  have  tb^  emotion  air  chamber  on  the* 
opposite  side  of  the  pump  to  where  the  supply  entered,  and 
placed  on  an  elbow.  The  other  arrangement  was  tl^e  location  of 
the  suction  air  chamber  in  a  diirj^t  vertical  liu$  with  the  suctipi^ 
pipe,  the  air  chamber  being  placed  on  i^  tee.  Gate  yalves  wt^re 
provided  so  that  either  or  both  suction,  air  chambeini  couhi  b^ 
shut  off  and  opened  at  will. 

At  a  slow  speed,  with  both  chambers  out  of  use,  the  pump  ran 
quietly  enough,  but  when  the  number  of  strokes  was  inci:eased 
to  a  fair  rate  of  speed  water  hammer  was  the  result 

To  give  an  idea  of  the  serious  effect  water  hammer  has  on  the 
piping  as  well  as  on  the  pumps  themselves,  I  would  call  atten- 
tion to  the  fact  that  this  pump  (intentionally  left  unbolted  to  ite 
foundation,  with  the  piping  entirely  free  to  move),  at  80  double 
strokes  per  minute,  produced  water  hammer  sufficient  to  cause 
the  suction  pipe  to  vibrate  at  each  stroke  of  the  pump,  at  least 
^'-inch  horizontally.  When  either  suction  chamber  was  opened 
there  was  no  perceptible  movement  in  the  piping,  and  the  pump 
ran  absolutely  without  jar.  The  pump  drew  its  supply  from  a 
tank  below,  the  total  suction  lift  being  about  5  feet^  while  the 
length  of  horizontal  suction  pipe  was  about  20  feet. 

The  indicator  cards  taken,  and  submitted  herewith,  are  quite 
an  interesting  study.  All  the  cards  were  taken  while  the  pump 
was  running  at  about  80  double  strokes  per  minute,  with  a  water 
pressure  of  75  pounds  per  square  inch,  the  pressure  in  the  steam 
chest  of  the  high -pressure  cylinder  being  about  60  pounds. 

Fig.  No.  141  is  an  indicator  diagram  taken  when  the  pump  was 
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running  with  both  suction  air  chambers  cut  off,  while  Fig.  No.  142 
is  an  indicator  card  taken  at  the  same  time  from  the  suction 
pipe  at  a  point  close  to  the  pump.  This  latter  card  graphically 
demonstrates  what  "  Water  hammer  "  means. 

Fig.  No.  143  shows  an  indicator  card  taken  from  the  water 
cylinder  of  the  pump  with  one  suction  air  chamber  in  use — the 
one  located  on  the  tee  connection.  Fig.  No.  144  represents  an 
indicator  card  taken  at  the  same  time  from  this  suction  air 
chamber. 

The  gate  valve  on  the  first-named  chamber  was  then  closed, 
and  the  valve  on  the  other  suction  air  chamber,  placed  on  the 
elbow  at  the  opposite  side  of  the  pump,  was  opened.  Fig. 
No.  145  shows  an  indicator  card  taken  from  the  water  cylinder 
with  this  elbow  style  of  suction  chamber ;  while  Fig.  No.  146 
shows  a  card  taken  at  the  same  time  from  the  suction  air  cham- 
ber itself. 

It  will  be  seen  from  these  indicator  cards  that  the  suction  air 
chamber  located  on  the  elbow  was  more  efficient  than  the  other 
(tee  style)  suction  air  chamber.  The  gate  valves  were  wide  open 
when  the  cards  were  taken  from  the  suction  air  chambers,  but 
it  was  noticed  that  when  the  gate  valve  on  the  elbow  chamber 
was  opened  it  required  only  about  one  turn  to  stop  the  water 
hammer,  while  in  the  case  of  the  chamber  placed  on  the  tee,  it 
required  nearly  two  turns  of  the  valve  to  get  the  same  quiet 
effect.  The  suction  pipe  of  the  pump  was  a  two-inch  size,  hence 
had  a  cross  section  area  of  3.14  square  inches.  With  the  gate 
valve  one  turn  open  it  was  found,  by  careful  measurement,  that 
the  area  of  the  opening  was  about  0.114  square  inch.  With  the 
valve  two  turns  open  the  actual  opening  was  0.78  square  inch. 
Before  completing  the  test  the  pump  was  worked  up  to  the  ex- 
treme of  120  double  strokes  per  minute,  and  at  this  speed  it  con- 
tinued to  run  quietly,  there  being  no  vibration  of  the  pump  or 
pipes.* 

The  illustration  I  referred  to  in  the  discussion  of  Mr.  Norris'a 
paper,  and  which  I  desire  to  here  repeat,  was  the  case  of  the 
installation  of  a  certain  1,500  horse-power  compound  stationary 
engine,  where  the  circulating  steam  pump,  which  supplied  a 
surface  condenser,  had  nearly  400  feet  of  14-inch  suction  pipe. 

*  The  identical  pump  upon  which  these  experiments  were  made  was  afterwards 
shown  in  operation  under  similar  conditions,  in  the  mechanical  laboratories  of 
Columbia  University,  it  having  been  connected  up  especially  for  this  occasion. 
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I  urged  the  use  of  a  suctiou  air  cliamber,  and  understood  it 
would  be  arranged  as  shown  in  Fig,  No,  147.  When  visiting  the 
place  later  on  I  was  not  surprised  at  the  complaint  about  the 
noise  made  by  the  pump,  as  I  found  they  had  not  properly 
located  the  suction  air  chamber,  having  placed  it  at  right  angles 
to  the  horizontal  suction  pipe,  as  shown  in  Fig.  No.  148,  explain- 
ing that,  for  certain  reasons,  they  could  not  approach  the  pump 
with  the  suction  pipe  on  a  vertical  line,  as  was  originally 
intended.    The  trouble  was  corrected  by  removing  this  suction 


chamber  from  the  position  in  which  they  had  pat  it,  and  placing 
it  on  the  opposite  side  of  the  pump  wifch  a  suitable  elbow,  as 
shown  in  Fig.  No.  149.  Thus  the  impact  of  the  water  was  received 
over  and  across  the  water  barrel  of  the  pump  ioto  the  Baotiou 
air  chamber.  It  is  hardly  necessary  to  say  that  after  this 
change  was  made  the  pump  worked  with  perfect  freedom  from 
water  hammer. 

In  marine  practice  it  is  often  very  difficult  to  properly  locate 
a  suction  air  chamber,  owing  to  limited  space.  When  not  con- 
venient to  arrange  suction  air  chambers  on  either  plan  as  shown 
in  Fig.  No.  140,  as,  for  instance,  when  the  suction  approaches  the 
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pump  horizontally,  then  the  arrangement  shown  by  Fig.  No.  150 
is  very  satisfactory. 

If  the  manufacturers  of  pumps  would  take  the  trouble  to 
recommend  always  the  use  of  suction  air  chambers,  and  pipe 
fitters  to  be  made  to  locate  such  air  chambers  properly,  then 
there  would  be  less  complaint  about  jar  and  noise  in  pumps,  to 
say  nothing  about  the  saving  of  wear  and  tear. 

This  remark  applies  to  pumps  of  all  types,  whether  single  or 
double-acting,  vertical  or  horizontal ;  whether  receiving  water 
under  a  pressure  or  drawing  the  supply  by  "  suction  lift ; "  and 
especially  to  pumps  which  are  liable  to  run  at  the  higher  speeds, 
as,  for  instance,  in  the  case  of  fire  pumps,  ash-ejector  pumps, 
wrecking  pumps,  etc.  There  are  thousands  of  cases  of  noisy 
pumps  which  could  be  entirely  relieved  from  the  ill  effects  of  water 
hammer  by  the  use  of  properly  located  suction  air  chambers. 

DISCUSSION. 

Mr,  James  Mc Bride. — This  paper  of  Mr.  Wheeler's  is  an 
interesting  one,  and  I  am  pleased  that  he  has  brought  it  out. 
Referring  to  a  sentence  in  paragraph  1  of  his  first  page,  he  says: 
"  Incidentally,  mention  was  made  of  the  advantage  gained  by  the 
use  of  a  larger  air  chamber  placed  upon  the  suction  pipe."  The* 
three  words  "larger  air  chamber,"  to  my  mind,  is  the  milk  in 
the  cocoanut.  If  engineers  and  users  of  pumps  could  realize  the 
importance  of  making  air  chambers  of  ample  capacity,  much 
trouble  due  to  water-hammer 'Would  be  eliminated.  I  think  the 
question  of  capacity  is  fully  as  important  as  the  one  of  position,  and 
in  proof  of  this  will  cite  a  case  in  my  own  experience.  I  lately  had 
erected  in  our  works  a  7,000,000-gallon  duplex  pump.  This  pump 
was  originally  put  to  work  without  an  air  vessel  on  the  discharge 
side,  the  lift  being  only  about  50  feet.  It  was  thought  by  the 
builders  that  an  air  vessel  would  not  be  needed.  Upon  putting 
the  i)ump  to  service  it  was  found  to  hammer  very  badly  indeed, 
so  much  so  as  to  endanger  the  safety  of  the  building.  An  old  air 
vessel,  much  too  small,  was  brought  into  use  and  almost  cured  the 
trouble.  A  larger  one,  consisting  of  a  piece  of  20-inch  diameter 
flange  pipe,  was  substituted,  which  entirely  cured  the  evil.  The 
pump  runs  perfectly  quiet  at  all  si>eeds,  and  all  thump  and  water 
hammer  was  entirely  stopped. 

I  wish  to  take  exception  to  Mr.  Wheeler's  statement  on  page  489, 
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where  he  says:  "Experience  shows  that  water  or  other  liquids 
passing  under  or  across  the  opening  of  a  suction  air  chaniijer  placed 
at  right  angles  to  the  flow  ivill  cause  the  pump  to  pound  about  as 
much  as  if  no  air  chamber  were  used."  I  am  quite  sure  that  this 
is  not  correct,  if  the  chamber  is  of  ample  capacity.  At  least  it  is 
not  true  in  the  case  just  mentioned,  where  a  suction  air  chamber 
was  placed  just  where  Mr,  "Wheeler  says  it  should  not  be,  i.e.,  at 
right  angles  to  the  flow  of  liquid.  This  air  chamber  is  24  inches 
in  diameter  and  13  feet  high,  the  suction  pipe  is  437  feet  long  and 
24  inches  in  diameter,  and  when  properly  charged  with  air,  gives 
no  tmuble  whatever.  At  one  time  there  was  attached  to  the  top 
of  this  suction  air  chamber  a  small  pipe  leading  up-stairs  to  a  con- 
denser having  a  constant  vacuum,  for  the  purpose  of  assisting  the 
lift  with  this  vacuum — the  water  reaching  the  plungers  at  low 
tide.  At  times  the  air  was  all  drawn  from  the  chamber,  which 
filled  with  water.  Immediately  upon  this  taking  place  trouble 
began.  "When  this  pipe  was  disconnected  no  further  trouble  ensued. 
So  I  am  convinced  that  capacity  of  air  chamber  is  fully  as  im- 
portant as  location. 

Mr.  Kent. — I  would  like  to  ask  Mr.  Wheeler  what  rule  he  has 
for  proportioning  the  size  of  the  suction  air  chamber. 

Mr.  Wheelei: — I  generally  make  them  in  diameter  the  size  of  the 
suction  pipe,  and  in  height  about  on  a  level  with  the  top  of  the 
regular  air-chamber  of  the  pump.  My  experiments  show,  how- 
ever, that  suction  air-chambers  even  smaller  than  those  used  would 
answer  the  purpose.  In  the  illustrations  the  suction  air  chambers 
shown  are  the  size  of  the  suction  pipe  of  the  pump. 

Dr.  Thurston.— 1  would  like  to  ask  Mr.  Wheeler  how  he 
accounts  for  the  fiict  tliat  the  suction  air  chamber,  placed  on  the 
elbow,  worked  better  than  the  one  on  the  tee  connection. 

Mr.  Wheeler. — Those  to  whom  I  have  spoken  in  regard  to  this 
matter  agree  with  me,  in  that  there  is  a  continuous  flow  across 
and  over  the  top  of  the  water  barrel  of  the  pump  into  the  suction 
air  chamber  on  the  opposite  side.  There  is  certainly  less  reversal 
effect  of  the  current  than  there  is  in  the  case  of  the  tee  style  of  air- 
chamber,  and  then,  no  doubt,  the  passage-way  spreading  out  over 
the  pump  barrel,  helps  considerably.  In  other  words,  there  is  a 
better  distribution  of  the  water  in  the  elbow  style  of  suction  air 
ciiamber. 

Dr.  T/iurstim. — I  sec  another  point  there  which  I  had  not 
recognized  at  all  before,  us  Mi'.  Wheeler  shows  it — whether  the 
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volume  of  the  air  chamber  should  be  a  function  of  the  voluftie  of 
pump,  or,  rather,  of  the  volume  of  the  suction  pipe,  or  of  both,  <wp 
is  there  a  limit  beyond  which  you  will  make  your  suction  air- 
chamber  in  some  proportion  to  the  length  of  suction  pipe,  and  on 
the  other  side  of  which  you  will  make  it  a  certain  proportion  of 
volume  displaced  by  piston  ? 

Mr,  Wlieeler. — The  longer  the  suction  pipe  the  larger  the  suction 
air  chamber  should  be  in  capacity.  As  a  matter  of  fact,  I  find,  in 
the  case  of  a  short  suction  pipe,  that  quite  a  small  suction  air-cham- 
ber is  suflBcient  to  prevent  water  hammer. 

Dr.  Thurston. — Irrespective  of  volume  of  pump? 

Mr.  Wheeler. — Yes,  sir.  Of  course  there  is  always  a  certain 
relation  of  the  size  of  suction  pipe  to  the  size  of  water  cylinder,  as 
generally  carried  out  by  pump  makers.  I  would  increase  the 
height  of  the  suction  chamber  with  increase  of  length  of  suction 
pipe,  keeping  the  diameter  of  the  chamber  always  the  same  as  the 
size  of  the  pipe. 

Dr.  Thui'ston. — My  point  comes  to  me  in  this  way.  Ordi- 
narily you  set  up  a  steam  pump  to  do  certain  work  with  a  short 
length  of  suction,  and,  presumably,  a  certain  volume  of  air  chamber 
on  the  suction  side,  which  you  would  put  on  your  pump  as  it  goes 
into  the  general  market.  Now  and  then  you  will  find  a  pump 
working  on  some  long  length  of  suction  pipe,  as  Mr.  McBride 
just  gave  us  the  particulars  of,  and  that,  undoubtedly,  would  pre- 
sent a  different  problem.  I  was  curious  to  know  if  Mr.  Wheeler's 
experiments  would  determine,  in  the  first  place,  the  proper  volume 
of  air-chamber  for  the  suction  of  the  ordinary  pump  put  on  the 
market  for  ordinary  conditions,  and  whether  it  determines,  sec- 
ondly, another  volume  for  the  other  case,  where  the  same  pump 
is  working  on  the  extreme  length  of  suction  pipe. 

Mr.  Wheeler. — I  have  never  worked  that  out  with  any  elabor- 
ation. What  I  am  trying  to  do  is  to  get  people  to  use  them  at  all. 
The  ignorance  shown  in  the  matter  of  suction  air  chambers  for 
pumps  is  simply  appalling.  You  may  say,  "  Why  don't  ptuhp 
makers  supply  proper  suction  air  chambers  with  their  pumps?" 
The  trouble  is,  there  are  hardly  two  installations  alike.  Each  putnp 
must  have  an  arrangement  of  piping  suitiable  for  the  locatibfa  and 
work  which  it  is  to  perform.  What  I  regret  to  fltid  i&  that  So 
many  begrudge  the  room  and  the  expense  for  a  few  fittings  'and 
a  piece  of  pipe,  even  when  you  urge  upon  them  the  advanti^^es  of 
a  suction  air  chamber.     I  have  for  years  been  trying  to  get  pipe 
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fitters  and  pump  users  to  recognize  the  value  of  suitably  arranged 
suction  air  chambers  for  all  types  of  pumps. 

Dr.  Thurston. — I  think  Mr.  Wheeler  needs  assistance  in  the  way 
of  missionary  worli.  If  there  has  ever  been  one  thing  that  grieved 
me  more  than  another,  it  is  the  fact  that  in  the  thirty  or  thirty- 
five  years  that  I  have  been  preaching  suction  air  chambers,  I  never 
could  see  that  my  preaching  made  the  slightest  difference, 

Mr.  Wheeler. — Well,  Doctor,  I  have  tried  to  take  it  up  where 
you  left  off,  and  that  is  one  of  the  reasons  for  my  bringing  this 
paper  before  the  Society. 

Mr.  Edward  P.  Bates. — I  would  like  to  inquire  if  I  understoml 
Mr.  Wheeler  correctlj'.  As  I  remember,  he  said  something  like 
this :  That  when  he  opened  the  gate  valve  of  the  suction  air 
chamber  placed  on  the  elbow  connection,  ho  found  that  If  he 
opened  it  one  or  two  turns  it  stopped  the  water  hammer,  and 
consequently  it  proved  that  this  chamber  was  larger  than  was 
necessary.  My  sense  of  it  is  that  it  only  proved  that  the  horizon- 
tal connection  between  the  pump  and  tlie  chamber  is  larger  than 
is  absolutely  necessary.  It  is  no  objection  to  have  it  large.  I 
would  like  to  know  if  I  am  right  in  what  I  heard. 

Mr.  'Wheeler.-— "^a.  I  think  you  misunderstand  me.  If  I  re- 
member, I  made  no  remark  about  the  capacities  of  the  suction 
air  chambers.  I  only  said  this:  that  I  could  secure  quiet  running 
by  the  opening  of  atwut  one  turn  of  the  gate  valve  of  the  air 
chamber  referred  to,  whereas  it  took  nearly  two  turns  of  the  gate 
valve  on  the  other  air  chamber  to  get  the  same  resiilt.  This  was 
to  show  the  comparison  of  the  two  arrangements  of  suction  air 
chambers  in  getting  rid  of  the  water  hammer. 

Mr.  Safe*.— Then,  as  I  understand  it,  you  make  no  special 
computation  between  the  area  of  the  water  cylinder  of  the  pump 
or  the  cubic  inches  in  this  cylinder  and  the  cubic  inches  in  the 
suction  air  chamber. 

Mr.  Wheeler. — No.  Other  than  what  I  have  mentioned  to 
Dr.  Thurston. 

Mr.  Reginald  Pelham.  Bdton. — Mr.  Wheeler's  work  in  this 
direction  has  had  an  unexpected  effect  on  a  blass  of  m6n  differing 
largely  from  those  he  has  addressed.  The  pltonbrng  fraternity 
has  adopted  the  air  vessel  very  widely  atid  fiQcce^fblty  ihthfe  higher 
class  of  buildings  how  Ijeing  eretftfed,  where  the  witter  pWSSurte 
are  largely  increase<l  from  older  practice. 

It  would  be  very  desirable  to  obtain  some  data  as  to  the  best 
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proportions  for  air  vessels,  both  in  suction  and  pressure  lines,  for 
such  are  not  now  available. 

I  disagree  with  Mr.  Wheeler  in  his  view  that  the  pump  manu- 
facturers cannot  properly  supply  a  suction  air  chamber.  It  is  they, 
as  much  as  the  user,  who  want  to  see  them  adopted. 

It  has  been,  in  my  experience,  difficult  to  induce  the  ordinary 
pipefitters  to  provide  suction  air  chambers,  and  even  when  they 
are  required  to  provide  them,  to  place  them  in  a  reasonably  Intel* 
ligent  position. 

This  has  been  especially  the  case  in  ship  work,  where  the  ques- 
tion comes  up  very  prominently  in  connection  with  open  feed 
heaters  commonly  placed  on  the  upper  deck  level,  and  providing 
a  heavy  suction  head  to  the  feed  pumps.  The  hammer,  which 
may  be  noticed  in  many  such  cases  at  the  present  time,  can  be 
very  readily  cured  by  this  device  of  Mr.  Wheeler's. 

I  see  that  the  pump-ends  illustrated  in  this  paper  are  aU  of 
one  character,  and  are  not  the  character  which  is  usually  met 
with,  at  any  rate  in  my  practice.  The  suction  chamber  is  as 
often  entered  from  the  end  of  the  cylinder  as  from  the  side,  and 
that  has  presented  a  difficulty  in  raising  a  suction  chamber  across 
the  back  end  of  the  cylinder.  Consequently  it  appears  to  me 
the  system  shown  in  Figure  150  is  the  best  and  the  most  readily 
applied  to  all  purposes. 

Mr.  WheeUr, — I  am  very  glad  of  Mr.  Bolton's  remarks,  because 
they  come  from  one  who  has  had  considerable  practical  experience, 
especially  recently  on  one  of  the  "  Plant "  steamships,  where  the 
water  hammer  in  the  main  feed  pump  was  entirely  stopped  by  a 
properly  located  suction  air  chamber.  The  plumbing  fraternity  he 
refers  to,  however,  is  not  alone  in  having  lots  to  learn  in  the 
matter  of  suction  air  chambers. 

*  I  did  not  reply  to  Mr.  McBride's  remarks  at  the  time  they 
were  made  at  the  meeting,  as  I  felt  there  must  be  something  dif- 
ferent in  the  suction  pipe  arrangement  of  his  pump  from  what  I 
had  experience  with  in  my  different  tests,  particularly  in  the  case 
I  cited  of  a  long  suction  pipe  connected  to  a  pump  supplying  the 
surface  condenser  of  a  1,500  indicated  horse-power  engine.  I 
have  since  received  from  him  a  sketch,  showing  the  exact  arrange- 
ment of  the  suction  pipe  and  suction  air  chamber  of  his  duplex 
pump,  and  notice  that  the  suction  pipe  does  not  approach  the 
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pamp  in  a  direct  line.  There  is  a  cross-pipe  or  section  of  36-inoli 
pipe  between  the  pump  and  the  saotion  air  chamber  to  which  is 
attached,  on  one  side,  two  18-inch  nozzles,  each  of  which  supplies 
one  of  the  water  plnngers  of  the  pump.  On  the  opposite  side  of 
this  36-iQoh  section  of  pipe,  and  at  the  other  end,  is  attached  the 
24-inch  suction  \ape,  which  latter,  Mr.  McBride  said,  was  about 
437  feet  long.  The  suction  air  chamber,  placed  within  a  few  feet 
of  this  86-inch  cylinder,  proved  to  be  of  benefit,  for  there  was  no 
doubt  more  or  less  "  back  lash,"  so  to  speak,  by  the  current  of 
water  being  somewhat  impeded  in  iiaving  to  make  two  sharp  turns 
before  entering  the  pump,    I  can  offer  no  other  explanation. 

Regarding  his  finding  that  the  connecting  of  a  small  air  pipe, 
between  the  top  of  the  suction  air  chamber  and  bis  condenser, 
was  a  disadvantage,  I  can  hardly  imagine  any  different  result. 
What  is  desired  is  a  reservoir  which  will  act  as  a  cushion  to  the 
pulsating  effect  produced  by  the  pump.  A  suction  air  chamber 
should  be  only  partially  filled,  and  not  solid,  with  water,  so  as  to 
secure  sufficient  room  for  the  oscillating  movement  of  the  water. 
In  other  words,  a  proper  cushion  effect. 

Apropos  of  the  dimensions  of  suction  air  chambers,  which  came 
up  during  the  discussion,  I  beg  to  submit  herewith  a  letter  from 
Mr,  G.  A.  Ritchie,  superintending  engineer  of  the  Morgan  Line 
steamers,  and  recently  received  by  me.  This  letter  bears  directly 
upon  the  dimensions  of  the  air  chamber  with  which  he  experi- 
mented and  is,  therefore,  of  decided  practical  value. 

"  A  suction  air  chamber,  4  inches  diameter  and  30  inches  high, 
was  recently  attached  to  the  opposite  side  of  the  suction  of  the 
10x6x10  duplex  ash-ejector  pump  on  steamer  'El  Paso.'  A 
vacuum  gauge  was  connected  to  the  top  and  a  glass  water  gauge 
to  the  side  of  this  chamber,  and  we  then  made  several  tests,  as 
below  : 

"  The  first  test  was  made  on  theash  ejector  with  145  pounds  water 
pressure,  the  pump  running  full  speed  with  80  pounds  steam  pres- 
sure, without  the  slightest  jar,  the  ashes  discharging  freely  over- 
board without  any  stoppage  whatever.  The  vacuum  gauge  in- 
dicated 8  inches.  The  pump  was  about  4  feet  above  water  lina 
The  pump  was  then  tried  pumping  overboard,  with  the  same 
steam  and  water  pressures,  working  with  similar  favorable  results. 

"The  suction  air  chamber  was  then  reduced  in  height  fi  inches 
by  inserting  a  plug,  and  the  pump  was  tried  on  the  ash  ejector  and 
also  on  sea  discharge,  liut  the  pump  jarred  at  the  end  of  each 
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Stroke.  The  pump  was  then  tried  with  suction  air  chamber  re- 
duced in  height  9  inches,  but  the  pump  jarring  was  more  pro> 
nounced.  The  plug  was  then  removed  and  the  suction  air  chamber 
left  to  the  original  inside  height  of  30  inches. 

^^  I  understand  that  Mr.  Sancton  and  the  chief  engineer  of  the 
ship  are  quite  elated  over  the  advantages  of  suction  air  chambers, 
and  will  go  ahead  putting  them  on  all  of  our  ships. 

"...  I  congratulate  you  for  the  pains  you  have  taken  to 
bring  to  the  attention  of  people  using  steam  pumps  the  advantages 
to  be  gained  by  the  use  of  properly  arranged  suction  air 
chambers." 
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TESTS    OF   THE    BOILER    OF    THE    PURDUE 
LOCOMOTIVE. 


(Hemlier  of  the  Sockt)'.) 

L — The  LocoMoxn-E  and  its  Bon^E. 
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The  boiler  iests  herein  described  represent  a  portion  of  the 
resolts  obtained  dnring  a  period  of  two  years  in  the  conrse 
of  the  regular  work  of  the  Purdue  locomotive  testing  labora- 
tory. The  principles  underlyiuj:;  the  action  of  the  testing  plant 
are  now  generally  understood,  and  need  not  be  elaborately 
described.  It  should  be  said,  however,  that  snch  a  plant  pro- 
vides for  the  complete  operation  of  a  locomotive  while  permit- 
ting it  to  occupy  a  fixed  position  in  the  hiboratorj.  The  loco- 
motive on  the  plant  is  fired  as  upon  the  road,  delivers  its  power 
from  the  periphery  of  its  drivers  as  it  would  do  if  passing  along 
a  track,  and,  while  thus  operated,  is  tested  with  the  same  facili^ 
as  a  stationary  plant.  The  original  locomotive  testing  plant  of 
Purdue  University  was  described  in  the  "  Proceedings  of  the 
Society  for  1892,"  vol.  xiii.  In  1894  this  plant  suffered  damage 
by  fire,  and  was  re-established  in  a  form  much  more  com- 
plete than  that  which  it  had  previously  possessed.  The  new 
plant  went  into  operation  in  the  latter  part  of  1894,  and  is 
described  in  a  publication  issued  by  the  University.t 

The  locomotive  upon  which  the  tests  were  made  is  that  now 
known  as  Schenectady  No.  1.J:    It  is  of  the  8-wheel  type,  and  is 

•  Presented  nt  the  New  York  meeting  (December,  1900)  o(  tte  American 
Society  of  Mechanical  Engineers,  and  formiog  part  of  Volnme  XXII.  of  the 
Tranwetiont. 

f  A  psmphlel  to  be  liad  on  application,  entitled  "The  Purdne  UnlTerstty 
Locomotive  Testing  Plant." 

t  In  May  1897,  this  engine  was  replaced  by  one  of  more  recent  design.  It  hu 
flincp  Ijeon  in  servica  on  the  Michigan  Central  Railroad,  where  it  is  known  •■ 
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shown  in  outline  by  Fig.  151.    Its  characteristics  are,  briefly 
described,  as  follows : 

Total  weight 85,000  pounds. 

Weight  on  drivers 56,000      '* 

Total  wheel  base 22  feet  11  inches.. 

Driving-wheel  base 8    "     6      " 

Diameter  of  pistons 17  inches. 

Stroke  of  pistons 24      " 

Diameter  of  piston-rods 8      ** 

Diameter  of  drivers ...  .63      " 

The  form  and  principal  dimensions  of  the  boiler  are  shown 
in  Fig.  152.  It  is  of  the  ordinary  crown-bar  type,  having  a 
narrow  firebox  and  no  brick  arch.  It  was  designed  to  carry  & 
pressure  of  140  pounds,  at  which  limit  its  safety  valves  were 
usually  set.  The  boiler  was  at  all  times  perfectly  tight,  and 
was  kept  clean.     Its  characteristics  are  as  follows : 

Diameter  waist  at  front  end 52       inches.. 

**        tabes,  outside 2  •* 

"      inside 1.78      " 

Number  of  tubes 200 

Length    **      "      11.5   feet. 

Thickness  of  tubes 11  inches.^ 

Area  of  fiameway  through  tubes 8.46  feet. 

Width  of  firebox 84.5   inches. 

Lengthof      "      72 

Heightof      ''      73 

Heating  surface  in  firebox 182. 1    feet. 

*'  fronthead 10.5      *' 

"  **        "  tubes  calculated  from  outside  diameter 1204.8      " 

"      "  *'  "     inside  **        1071.8      *' 

Total  heating  surface,  assuming  the  tube  surface  to  be  calculated 

from  outside  diameter 1846.9      '* 

Total  heating  surface,  employed  in  all  calculations,  obtained  by 
assuming  the  tube  surface  to  be  calculated  from  the  inside 

diameter 1214 . 4      *' 

Grate  area 17.25    " 

Ratio  of  heating  surface  to  grate  area  : 

Assuming  heating  surface  to  be  1346  9  feet. 7.81     '* 

*'     1214.4    *' 7.04    •' 

Pounds  of  water  in  boiler  when  filled  to  middle  gauge 8450 

Steam  space  in  boiler  when  filled  to  middle  gauge 52.8    en.  ftr 

Ratio  of  steam  space  to  entire  cubical  capacity  of  boiler 29 

II. — The  Tests. 

The  results  herewith  presented  are  from  the  first  thirty-five 
tests  which  were  run  immediately  following  the  re-establish- 
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ment  of  the  testiiig  plaut  after  ita  damage  by  fire  in  February, 
1894.  The  teats  were  niu  by  eenior  students  iu  mechanical 
engineering  as  a  part  of  tlia  regular  routine  of  the  laboratory, 
and  involved  observations  as  to  engine  performance,  aa  well  as 
those  concerning  the  performance  of  the  boiler.  The  present 
paper  deals  only  with  the  performance  of  the  boiler.  While 
many  have  aided  in  the  ailvancemeut  of  the  work,  it  is  fitting 
that  specific  mention  be  made  of  the  assistance  rendered  by 
Prof.  Robert  8.  Miller,  junior  member  of  the  Society,  who, 
when  an  assistant   in   the  laboratory,   checked  all  calculated 


results,  and  afterwards  led  in  the  development  of  many  of  the 
comparisons  which  are  presented. 

The  final  results  only  are  given.  These  are  generally  the 
average  of  values  obtained  from  observations  made  at  five-minute 
intervals.  In  most  cases  the  individual  observations  were 
checked  by  two  different  observers  using  separate  instmments, 
or  they  have  been  taken  by  one  observer  and  checked  by  some 
form  of  automatic  recording  instrument.  All  derived  results 
have  been  calculated  by  two  or  more  independent  workers. 

A  hasty  review  of  the  data  will  disclose  some  inconsistencies. 
The  number  of  these  coold  have  been  greatly  reduced,  and  the 
general  appearance  of  record  improved  by  the  omisBion  of  a 
few  tests.  From  an  experimental  point  of  view,  however,  all 
are  believed  to  be  equally  reliable,  and  there  seems  to  be  no 
more  reason  for  omitting  a  test,  the  results  of  which  fall  out  of 
line,  than  for  omitting  another,  the  results  of  which  are  in  line. 
For  this  reason  the  exhibit  is  a  complete  presentation,  so  far  as 
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{he  boiler  is  concerned,  of  all  the  work  undertaken  during  the 
whole  period  covered  by  the  tests. 

Oeneral  CkyndMona  (  Table  /.). — Individual  tests  may  be  identi- 
fied by  number,  by  laboratory  designation,  or  by  date.  As  each 
of  these  separate  forms  of  notation  express  certain  relationships, 
all  are  given  in  each  table.  The  tests  are  arranged  in  order  on 
the  basis  of  the  rate  of  evaporation,  the  consecutive  number 
(column  1)  indicating  at  once  the  relative  position  of  each  test, 
with  reference  to  the  factor  named.  Test  1  is  that  test  for  which 
the  rate  of  evaporation  is  least,  and  test  35  that  test  for  which 
it  is  greatest 


TABLE  I. 
Gbkebal  Condittohb. 

THX  8KTXBAL  TI8T8  B»PB»B«NTED  IN  THIS  TABLK  AXE  ABBANOn)  IIT  OBDSB  OP  THS  RATI  OF 
■TAPORATIOir,  NO.  1  BIPRBSKBTriNO  THS  TX8T  FOR  WHICH  THS  RATS  18  LEAST,  AND  NO.  86  THAT 
FOR  WHICH  IT  IB  ORXATX8T. 


Identiflcatton  of  Test. 

Duration 
of  Test 

in 
Minutes. 

Ayerage  Preasare,  Pounds 
per  Square  Inch. 

Average  Temp., 
Deg.,  Fabr. 

Conaecii- 

tiye 
Nomber. 

Labora- 
tory 

Designa- 
tion. 

Date  of 
Test. 

Steam 

Pressnre 

in  Boiler 

by  Gauge. 

Atmo- 

spheric 

Pressure. 

Absolute 

Steam 
Pressure. 

Of 
Labora- 
tory. 

Of  Feed 
Water. 

1 

2 

8 

4 

6 

6 

7 

8 

9 

1 

2 

8 

4 

6 

6 

1 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

82 

33 1 

84 

^ 1 

15-1 -yl 

15_1_// 

25-1— X 

15—1—6' 

15-2-^ 

25-1-r 

S5—1-A 

S5-2—F 

85-1-r 

35-2-^ 

45-1 -yl 

85-2-2? 

55-1-X 

35-1-7/ 

85-1-6' 

35-lb-6» 

25-2-^ 

65-1-  V 

35-2b-// 

65-1-7/ 

55-1— r;    , 

15-9— .4     1 

15-9-77    , 

35-2-.4 

95-9-0 

15-9-0 

9^-i-0     i 
35-2-7/ 
45-2-.4 
25-,3-.4     , 
85—2     f' 
55-2- A 
85-3- il 

Dec.  12,  1894 
Nov.  23,  1894 
Dec.    9,  1896 
Dec.  14,  1894 
Nov.   9,  1896 
Nov.  1.3,  1895 
Nov.  26,  1894 
Dec.  17,  1894 
Jan.  21,  mi5 
Dec.    7,  1894 
Jan.  16,  1895 
Nov.  20, 181« 
Jan.  14,  1895 
Nov.  25,  1895 
Dec.  18,  18iMi 
Nov.  20,  1W>6 
Dec.    2,  1896 
Oct.  25,  1895 
Dec.  18,  m»5 
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The  laboratory  designation  (column  2)  expresses  the  speed  of 
the  engine,  the  position  of  the  reverse  lever  (notches  forward  of 
center),  and  the  series  to  which  the  test  belongs.  Thus,  15 — 1 
— A  signifies  that  the  teat  was  made  with  the  engine  running  at 
a  rate  of  15  miles  an  hour,  with  the  reverse  lever  in  the  first 
notch  forward  of  center,  and  the  test  belongs  io  series  A.  The 
series  letter  usually  refers  to  engine  conditions.  For  example, 
series  A  and  V  represent,  respectively,  two  series  run  in  parallel, 
with  a  constant  boiler  pressure,  with  the  throttle  wide  open, 
and  at  varying  speeds  and  cut-off.  For  the  V  series  the  valves 
were  so  set  that  the  lead  was  considerable,  while  for  the  A  series 
the  lead  was  reduced.  As  these  engine  conditions  do  not  in  any 
way  affect  the  boiler  performance,  the  significance  of  the  series 
letters  need  not  be  further  defined.  The  dates  upon  which  the 
several  tests  were  run  (column  3)  discloses  their  actual  sequence. 
The  first  (No.  2)  was  run  in  November,  1894,  and  the  last 
(No.  21)  in  February,  1897. 

To  those  accustomed  to  reviewing  data  derived  from  stationary 
boilers,  the  duration  of  the  tests  (column  4)  will  appear  insuf- 
ficient. The  arguments  sustaining  the  practice  involving  short 
tests  for  locomotives  on  a  testing  plant  have  been  presented  to 
the  Society's  committee  having  in  charge  the  revision  of  the 
code  relative  to  a  standard  method  of  conducting  boiler  tests, 
and  will  be  found  presented  in  the  published  correspondence  of 
that  committee  (Volume  XXL,  page  112).  The  tests  herein 
recorded  were  run  several  years  in  advance  of  the  presentation 
of  the  committee's  final  report,  and  for  this  reason  it  will  be  of 
ioterest  to  call  attention  to  the  fact  that  fifteen  out  of  the  thirty- 
five  tests  perfectly  fulfill  the  requirements  of  the  present  code. 
In  defense  of  those  which  are  shorter  than  allowed  by  the  code, 
it  should  be  said  that  the  writer's  opinion  on  the  subject  was 
embodied  in  a  recommendation  to  the  committee  to  the  effect 
that  the  limit  applying  in  such  cases  be  the  burning  of  a  total 
for  the  test  of  not  less  than  100  pounds  of  coal  per  foot  of  grate 
surface.  The  committee  adopted  the  general  form  of  the  recom- 
mendation, but  fixed  the  limit  at  250  pounds.  For  two  of  the 
tests  presented  the  total  fuel  per  foot  of  grate  per  hour  is  slightly 
below  150  pounds,  and  for  four  others  it  is  below  200. 

The  boiler  pressure  (column  5)  was  practically  the  same  for 
all  tests,  save  two,  and  for  these  it  was  intentionally  higher  than 
the  normal  in  the  one  case  and  lower  in  the  other.     Pressures 
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were  observed  from  au  ordinary  dial  gauge  at  flve-miiiute  inter- 
vals, and  aUo  recorded  by  a  Bristol  gauge.  To  better  sLow  the 
SnctuatioDS  in  pressure,  the  chart  of  this  and  other  reoordiug 
gauges  used  about  the  locomotive  have  a  rapid  motion,  making 


a  complete  revolution  in  six  hours.  A  sample  chart  is  presented 
as  Fig.  153. 

The  atmospheric  pressure,  the  absolute  steam  pressure,  the 
temperature  of  the  laborator}-  and  of  the  feed-water  (columns  6 
to  9)  require  no  explanation. 

Actual  Evaporn/iim  (Table  II.) — This  table  shows  (columns  10 
and  11)  the  regularity  with  which  water  was  delivered  to  the 
boiler;  the  total  poiindii  delivered  to  tlie  injector  during  the 
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test  (column  12) ;  tlie  poundB  caaght  from  injector  overflow 
(colnmn  13) ;  the  pounds  received  by  tlie  boiler  (column  14) ; 
sad  the  rate  at  which  the  evaporation  proceeded  (column  15). 
In  all  tests  an  effort  was  made  to  keep  the  injector  constantlj 
in  action,  bnt  for  those  of  low  power  the  rate  of  delivery  conld 
not  be  made  sufficiently  small  to  permit  this  being  done.  The 
data  for  a  few  of  the  tests  show  the  injector  to  have  been  started 
two  or  more  times,  while  its  period  of  action  is  recorded  as 
coincident  with  the  length  of  the  test.  This  apparent  ineon- 
Bistency  is  explained  by  the  fact  that  it  was  sometimes  con- 

TABLE  11. 
AcTVAL  Evaporation. 


I.„«k..l..«T«. 

W»ter 

>ndSI«m 

Date  of  Tat. 

Injeclor  lojtclcm 

Deli'veAid 

PoandJDt 

Wmlor 
Loilhom 

Ponndior 

B^fier  «Jd 

PoDDdlor 

e ;     lion. 

a 

vw     1  Herein 
Stinvd.l  Aclion. 

Injeclore. 

oDlXi 

?nro"i';f 

M    ' 

3 

4 

10            11 

18 

18 

14 

16 

1       15-J-A 

Dm.  is.  18H 

uo 

as           30 

aa.415 

sia 

82,100 

BjtU 

Nov.gS,  t«M 

IT.OSS 

s::ii5-i-// 

Dec.    (l.l(iH 

r    1       ai 

18.346 

islaas 

8>™ 

Dec.  14.  ISM 

sus 

10         mi 

£5.ms 

IB,M95 

e.0B8 

Nov.  9,  ISBfl'lW 

T2 

i8,a!w 

s.e» 

t.'.'m-  3- A 

Nov.IS.IIMI  ISO 

ai.H<5 

!I.S41 

T,!80 

T,.a.-l-i' 

Nov.!»,18WM0 

T           la 

solue 

.W 

es4™ 

Tsaa 

„,_Xi-1-A 

Dec.  IT,  IBM  'wcj 

a            NO 

14.408 

U.SAS 

8,  Its 

.lun.  SI,  IBW  IW 

H                14!) 

IM.TM 

S4.333 

Dec.   T,  IMI4   140 

1                138 

1BB98 

0 

ie,M» 

8.BW 

li::S5-g-JE 

Jem.  IB,  IW,^  18n 

IS.74S 

811,897 

S,tlM 

ia..45-  1-  A 

£1,188 

si.BTa 

8.«n 

lS..i85-a-/l 

j."u:]'!w'irl)' 

S4JS8 

H.&U 

8,«« 

11..  M-l-^l 

Sov.»,  HW  130 

n.B70 

87 

i7.wa 

awi 

IS..  aa-i-H 

Dec  18.  )8M  Lino 

a*.7Vt 

>,en 

ID.. 135-1     II 

N»v.«>,l!<9«  ini 

mIsss 

Si 

ajns 

i7..as-i'-« 

Der.  3,im.im 

1       ,        170 

mItbs 

9A9 

18..  J5-S-.4 

Oct.  SB.  laiH   HW 

ss.noG 

a.m 

i9..si—i-r  i>rt.i»,  i«u  lai 

iBisai 

B.70B 

W..!3S-«*-  //   Krb.  10,   W7;l(fO 

SS.HS1 

2S>J« 

aast 

«..'6s-i  ■//   F«b.ii.  Msr'iai 

ia> 

ao,5i4 

S0.S14 

10.867 

9a..u-i    '-•   sijv.at  «w  lao 

]*» 

an.Tiii 

30 

so.;«i 

10,881 

SB...1J-B-,J     Nov.  U,   sail  tMI 

«<.9Ki 

w..iai! 

11,400 

M.:|16-!.-//      ...t.li:   N%  Wl 

1          laii 

34.4oa 

11,408 

3S..3S-X-.-I       hx.  lU.  IHM   IHU 

SIXA 

3i;»is 

I1.MI 

X..3li-3-fl      h-c.   4. 1N9S  14() 

J7.«» 

1I.MIT 

ar.  :is-»-(;  ,s..v.  i.iHWi|iBu 

«..ai-s  /^  D«.  ).i«Ki'i!» 

THI 

aaiam 

ii]ms 

n..as-i~'f  '•;.«.  s,  ihm  inu 

a!!,8t8 

1<,»1T 

SO..W-!!  -//    IX*,   CIHM   lao 

DO 

W.TM 

is.aBr 

81..45-a-.4     Nov.   B.IWW   IW 

ai,8ia 

»t,ioo 

»1.4..1 

1».BSI 

'si'.'.\Xi-3-'r  Jnii.'aiiHii.iiia)' 

KLOIIB 

18.004 

S4..lw    S-.4     Nov.32.1WK:  on 

Ifl.1HK 

1              ISJ 

"•■" 

10» 

a'llKTB 

14.B8T 

TESTS  OF  THE  BOILER  OF  THE  FUBDUE  LOGOKOTiyE.    461 

yenient  to  change  from  one  injector  to  the  other  daring  the 
progress  of  the  tests,  and  at  other  times  both  injectors  were  in 
action  at  the  same  time.  Colnmn  10  merely  shows  the  number 
of  starts  made,  and  includes  the  record  for  both  injectors.  The 
last  column  of  this  table  discloses  something  of  the  significance 
of  the  conditions  attending  the  action  of  the  locomotive  boiler. 
For  example,  test  35  shows  that  nearly  15,000  pounds  of  water 
were  deliyered  to  the  boiler  and  presumably  evaporated  each 
hour,  or,  approximately,  250  pounds  per  minute.  This  rate  of 
very  nearly  a  barrel  a  minute  is  sufficient  to  evaporate  an 
amount  of  water  equal  to  the  full  water  capacity  of  the  boiler  in 
34  minutes.  At  this  rate,  had  the  injectors  ceased  in  their 
action,  the  water  level  would  have  fallen  between  the  upper  and 
the  middle  gauges  at  the  rate  of  one  inch  each  minute. 

Quality  of  Steam  and  Equivalent  Evaporation  (Table  HE.). — 
The  quality  of  steam,  assuming  dry  saturated  steam  to  be  unity, 
is  shown  by  column  16,  and  the  percentage  of  moisture  by 
column  17.  Results  were  obtained  by  the  use  of  a  throttling 
calorimeter  of  an  approved  form,  taking  steam  from  a  perforated 
pipe  extending  horizontally  into  the  dome  of  the  boiler  at  a 
point  A,  Fig.  152,  near  the  throttle  opening.  Observations  were 
made  at  five-minute  intervals.  An  examination  of  the  table  will 
show  that,  in  general,  the  amount  of  moisture  in  the  steam  in- 
creases as  the  rate  of  evaporation  is  increased,  though  variations 
in  individual  results  are  so  great  that  they  do  not  fall  in  any 
well-defined  line.  The  reason  for  apparent  inconsistencies  is  to 
be  looked  for  either  in  the  methods  employed,  or  in  actual 
variations  in  the  performance  of  the  boiler.  The  methods  em- 
ployed were  the  same  for  all  tests,  while  the  condition  of  the 
boiler  was  necessarily  subject  to  change.  The  boiler  had  to 
be  frequently  washed.  It  is  conceivable  that  dryer  steam  may 
be  furnished  by  the  boiler  when  newly  washed  than  when  in  a 
condition  requiring  washing,  though  there  is  nothing  in  the 
data  either  to  sustain  or  to  discredit  such  a  conclusion.  It  has, 
however,  been  shown  by  Professor  Jacobus  that  almost  all 
moisture  which  may  be  intermixed  with  steam  passing  a  hori- 
zontal pipe  separates  itself  from  the  steam  by  gravitation,  and 
forms  a  rill  in  the  bottom  of  the  pipe,  the  steam  above  being 
approximately  dry.  Experiments  by  the  writer,  involving  a 
visual  examination  of  the  steam  space  of  a  boiler  while  in 
action,  revealed  no  haze  or  mist  above  the  surface  of  the  water. 
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TABLE   III. 
?  Steam  and  Equivalent  Etapobation. 
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thus  suatainiiig  the  conclusion  that  the  steam  within  the  steam 
space  of  the  boiler  is  ordinarily  dry  and  saturated  ;  the  water 
is  present  as  water  and  the  steam  as  steam.  They  are  not 
iutcrniixed.  If  this  is  true,  the  steam  which  passes  the  throttle 
of  a  locomotiTe  should  be  exx>ected  to  be  drj-,  and  it  would  be 
entirely  so  if  it  were  not  that  the  violence  of  the  circulation 
projects  small  beads  of  water  upward,  far  beyond  the  general 
surface.    Some  of  these  enter  the  throttle  with  the  steam.  This 
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action  explains  wLy  tlie  moisture  increases  with  tlie  power  of 
the  boiler,  and  makes  it  not  unreasonable  to  assume  that  the 
purity  of  tJje  water  in  the  boiler  may  actually  affect  the  quality 
of  tbe  steam. 

The  comparative  dryness  of  the  steam  under  all  conditions 
is  a  fact  worthy  of  emphasis,  for  the  locomotive  ia  often  credited 
with  carrying  over  a  great  deal  of  water  to  the  cylinders.  The 
tests  show  that  this  does  not  happen  under  constant  conditious 
of  running.  When  it  occurs  it  is  probably  the  result  of  too 
high  a  water  level  or  of  a  sudden  demand  upon  the  boiler.  For 
example,  if  the  throttle  of  a  locomotive,  which  has  been  for  some 
time  inactive,  is  quickly  opened,  large  volumes  of  steam  bubbles 
leave  the  heating  surface  and  crowd  to  the  upper  part  of  the 
boiler,  making  spray  in  the  dome,  a  portion  of  which  may  pass 
out  with  the  steam.  A  similar  action  occurs  when  an  engine 
■which  has  been  working  at  a  light  load  is  suddenly  required  to 
increase  its  power.  But  these  are  exceptional  conditions.  Under 
uniform  conditions  of  running,  such  as  prevailed  throughout 
tbe  tests  herein  presented,  the  moisture  passing  tbe  throttle  is 
never  great. 

If,  as  tbe  writer  believes,  it  is  fair  to  conclude  that  variationa 
in  moisture  are  largely  due  to  incidental  conditions,  no  serious 
mistake  would  be  made  if  the  indications  of  tbe  calorimeter 
were  entirely  disregarded,  and  all  calculations  based  on  the 
assumption  that  the  steam  generated  is  dry  and  saturated. 
Besults  thus  obtained  should  be  somewhat  more  consistent, 
one  with  another,  than  those  corrected  for  moisture,  and  hence 
for  general  purposes  more  satisfactory.  In  accord  with  this  view, 
while  none  of  the  calorimeter  work  has  been  ignored  in  calcu- 
lating results,  many  of  the  derived  results  have  been  carried 
ont  in  duplicate.  Thus  the  equivalent  evaporation  is  first 
determined  on  the  assumption  that  the  steam  has  the  quality 
shown  by  the  calorimeter  (column  18),  and  is  also  determined 
on  the  assumption  that  all  water  delivered  to  the  boiler  is 
evaporated  into  dry  and  saturated  steam  (column  19).  In  accord 
with  the  usual  practice,  however,  comparisons  which  foUow  are 
based  on  the  corrected  results  (column  18,i. 

Pouvr  of  Boiler  (Table  IV.). — The  power  developed  by  the 
boUer  is  proportional  to  the  rate  of  evaporation  (column  18).  A 
few  comparisons  will  serve  to  show  something  of  the  peculiar 
conditions  under  which  the  boiler  of  a  locomotive  performs  its 
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service.  Thos  the  water  evaporated  per  foot  of  grate  surface 
(colamD  20)  variea  from  less  than  400  to  more  than  1,000  pounds 
per  honr.  These  figures  reflect  well  the  intensity  of  the  fnmaoe 
action,  which  must  provide  for  the  oomhastion  of  sufficient  fael 
to  produce  such  a  result  Similarly  the  weight  of  water  evapo- 
rated per  square  foot  of  heating  sorface  (column  21)  varies  from 
o^  to  almost  15  pounds  per  hour,  the  masimnm  rate  being  nearly 
the  equivalent  of  a  boiler  horEe-power  for  every  2  square  feet 
of  heating  surface  in  the  boiler.  The  total  boiler  horse-power 
(column  22),  the  horse-power  per  square  foot  of  heating  aoi&oe 

TABLE  IV. 
Power. 
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{column  23),  and  the  horse-power  per  square  foot  of  grate  sur- 
face (column  26)  are  also  of  interest,  especially  for  the  higher 
power  tests. 

Coal  and  Combustible  {Table  V.). — Attention  has  been  called  to 
the  very  large  amount  of  water  evaporated  by  the  boiler  tested. 
It  follows  that  a  correspondingly  large  amount  of  fuel  is  needed 
to  bring  about  this  evaporation.   The  record  appears  in  Table  V. 

The  coat  used  for  all  tests  was  Indiana  block,  mined  in  the 
neighborhood  of  Brazil.  It  burns  to  a  white  ash  without  clink- 
ers and  is  light  and  friable.  These  latter  qualities  prevent  its 
giving  maximum  results  in  locomotive  service.  The  composi- 
tion of  several  representative  samples  proved  to  be  as  follows ; 

I  e  3  4 

Per  cent.  Gxed  carboD 40.05  51.81  51.09  51.3B 

Per  cent,  volatilo  matter 40.30  aO.OO  38.1)3  88.87 

Percent,  combined  luoiature 3.15  3.63  2.35  3,44 

Percent.aah 6.91  5.54  7.83  8.10 

100.00  100.00  100.00  100.00 

In  each  test  the  coal  was  weighed — a  .barrowful  at  a  time- 
as  it  was  dumped  at  the  feet  of  the  fireman.  A  sample  of  from 
50  to  100  pounds  was  put  into  a  large  galvanized  iron  pan,  and 
air  dried.  From  results  thus  obtained,  the  total  weight  of  coal 
£red  was  corrected  for  accidental  moisture,  giving  results  which 
appear  in  column  27.  As  the  coal  was  stored  under  roof,  the 
correction  was  always  small. 

The  total  weight  of  dry  coal  fired,  as  given  for  the  several 
tests  (column  27)  contains  two  variables — the  length  of  the  test 
and  the  rate  of  combustion.  The  values  given  as  dry  coal  fired 
per  hour  (column  30)  eliminate  the  first  variable,  and  supply  a 
true  basis  from  which  to  compare  the  rates  of  combustion  inci- 
dent to  the  several  tests.  It  will  be  seen  that  the  amount  of 
coal  fired  per  hour  is  between  the  limits  of  729  pounds  and 
3,133  pounds.  Five  tests  have  a  rate  of  less  than  i  a  ton  per 
hour,  and  twelve  have  a  greater  rate  than  1  ton  per  hour.  The 
rate  per  square  foot  of  grate  per  hour  (column  32)  ranges  from  49 
to  182,  values  of  which  the  significance  appears  when  it  is  con- 
sidered that  even  in  naval  service,  under  forced  draught,  the  rate 
seldom  exceeds  60  pounds  per  hour.  The  coal  burned  per  foot 
of  heating  surface  per  hour  (column  33)  varies  from  .7  to  2.6 
pounds. 


( 
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The  amonnt  of  refase  caught  in  the  ash-pan  (column  S8)  H  SB 
item  of  DO  great  importaDce  in  the  case  of  locomotiTe  bralan, 
since  a  lai^e  amoant  of  non-combustihle  material  which  would, 
under  the  conditions  of  stationary  practice,  lodge  in  the  ash-pan 
is,  in  locomotiye  service,  thrown  oat  at  the  top  of  the  BtiK^ 
The  proportion  of  the  whole  amoant  of  ash  contained  by  the 
fuel  which  appears  in  the  ash-pan  depends  upon  the  force  of  the 
draught,  or,  in  other  words,  npon  the  rate  of  power  at  vhicli 

TABLE  V, 
Coal  and  Coiibustion. 
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the  boiler  is  worked.  It  is  greatest  when  the  rate  of  combus- 
tion ia  leaat  When  the  engine  is  worked  at  veiy  high  power, 
the  amonnt  of  refuse  in  the  aah-pan— with  the  light  fuel  em- 
ployed iu  the  tests  under  consideration — is  almost  negligible. 

Iq  Btatiouary  practice  the  total  combustible  (column  29j  is 
obtained  by  subtracting  the  weight  of  refuse  from  the  weight  of 
coal.  For  reasons  already  explained,  auch  a  process  gives  no 
useful  result  when  applied  to  the  testa  of  locomotive  practioe. 
For  the  present  purpose,  therefore,  resort  has  been  had  to  the 
chemical  analysis  of  the  fuel,  which  shows  about  one-tenth  the 
weight  of  the  dry  coal  to  be  non-combustible.  The  total  com- 
bustible is  therefore  assumed  to  equal  nine-tenths  of  the  weight 
of  dry  coal  fired.  The  combustible  per  hour  on  this  basis  is 
shown  as  column  31. 

Thermal  Units  (Table  VI.). — The  thermal  units  imparted  to 
each  pound  of  water  passing  the  boiler,  or 
Q^xr  +  q-  5,,, 

is  given  in  column  34  The  rate  at  which  heat  is  transferred, 
as  indicated  by  the  thermal  units  absorbed  by  the  water  of  the 
boiler  each  minute,  is  f^iven  iu  column  35,  while  the  thermal 
units  absorbed  per  pound  of  dry  coal  burned  are  given  iu  column 
36,  and  per  pound  of  combustible  in  column  37. 

No  attempt  has  been  made  to  express  in  numerical  terms  the 
thermal  efficiency  of  the  boiler.  The  determination  of  such  a 
value  depends  upon  tlie  heating  value  of  the  fuel,  which  is  not 
known  in  precise  terms.  It  is  probably  not  far  from  13,000 
thermal  units  per  pound  of  dry  coal.  Comparing  this  value 
with  the  number  of  thermal  units  taken  up  by  the  water  of  the 
boiler  for  each  pound  of  coal  burned  (column  36),  an  approximate 
estimate  of  the  thermal  efficiency  of  the  boiler  may  be  had. 

While  the  facts  presented  by  this  table  are  especially  for  the 
convenience  of  those  wlio  may  desire  to  compare  the  perform- 
ance of  the  boiler  tested  with  data  from  other  boilers,  they  are 
not  without  interest  in  themselves.  For  example,  it  is  of  interest 
to  see  that  in  test  No.  35  the  boiler  transmitted  approximately 
'288,000  thermal  units  per  minute.  That  is,  it  delivered  heat  suf- 
ficient to  raise  the  tem]>erature  of  144  tons  of  water  one  degree 
every  minute.  As  many  locomotives  are  now  in  service  having 
more  than  double  tho  power  of  the  one  tested,  it  may  be  said 
that  the  modern  locomotive  is  capable  of  delivering  sufficient 
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TABLE  VI. 
Thermal  Unith. 
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heat  to  raise  800  tons  of  water  one  degree  in  temperature  each 
minute. 

Draii</7it,  Raieqf  ComhisUofi,  and  Smoke-box  Temperature  (Table 
VII). — For  tlie  present  purpose,  draught  is  defined  aa  the  differ- 
ence between  the  pressure  of  the  atmosphere  and  that  of  the 
smoke-box.  The  draught-gauge  consists  of  a  U-tnbe,  partially 
filled  with  water  and  securely  attached  to  a  column  of  the 
laboratory.  One  leg  of  the  tube  is  in  pipe  connection  with  the 
interior  of  the  smoke  bos,  the  opening  being  at  the  point  C, 
Fig.  152,  and  on  the  axis  of  the  boiler.     Obserrations  were  made 
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at  fiTe-minute  intervals.     For  the  tests  reported,  tlie  average 
draught  (column  38)  varies  from  1.7  inches  to  7.5  inches. 

In  any  boiler  the  condition  of  draught  determines  the  rate  of 
combnstioD,  and  consequently,  under  ideal  conditions,  the 
draught  will  be  a  function  of  the  rate  of  combustion.  But  under 
conditions  actually  afitectiog  the  action  of  the  boiler  of  a  loco- 
motive there  are  variations  in  this  relationship.  The  precise 
action  of  the  steam  jet  in  producing  a  draught  action  has  been 
discussed  in  another  place.*    It  is  shown  elsewhere  in  this 


TABLE   VII. 
Dbaeoht^  Rate  of  COHBrarioti,  and  Suoke-box  Tempbbaturb. 
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paper  that,  other  things  being  equal,  the  capacity  of  the  jet  as 
a  means  for  producing  draught  is  nearly  proportional  to  the 
weight  of  steam  discharged  per  unit  of  time ;  that,  whether  the 
discharge  is  in  the  slow,  heavy  puffs  incident  to  slow  speed,  or 
in  lighter  but  more  rapid  impulses,  is  not  material  If  the 
weight  of  steam  discharged  is  the  same,  the  draught  action  is 
approximately  constant  The  reduction  of  pressure  in  the 
smoke-box,  however,  which  may  result  from  the  action  of  the 
exhaust  under  given  conditions,  depends  upon  the  freedom  with 
which  air  is  permitted  to  pass  into  the  fire-box.  If  the  fire  is 
thick  and  solid,  the  draught,  as  determined  by  the  reduction  of 
pressure  in  the  smoke-box,  will  be  high ;  if  the  fire  is  light,  the 
draught  will  be  low.  This  is  well  shown  by  Fig.  154,  which  is  a  rep- 
resentative diagram  from  the  registering  vacuum-gauge  connected 
with  the  smoke-box.  The  normal  draught  is  indicated  by  the 
line  a,  6,  and  o.  When  the  fire  door  is  opened  the  draught 
drops,  though  the  scale  at  which  Fig.  154  is  reproduced  does  not 
permit  this  to  be  well  shown.  When  the  ash-pan  dampers  are 
closed  the  draught  goes  up  to  the  points  d  and  e.  The  draught 
readings  given  ^column  38)  are  the  average  results  of  operations  at 
five-minute  intervals.  They  may  be  accepted  as  a  close  approx- 
imation to  the  normal  readings  for  the  tests. 

The  relation  of  reduction  of  pressure  in  the  smoke-box  to 
coal  burned  per  square  foot  of  grate  surface  is  well  shown  by 
Fig.  156,  and  the  relation  of  pressure  reduction  in  smoke-box 
and  evaporation  per  square  foot  of  heating  surface  by  Fig.  157- 
The  first  diagram  ^Fig.  156)  represents  the  effect  of  changes  in 
the  draught  condition  on  combustion,  and  the  second  (Fig.  157) 
upon  the  evaporative  power  of  the  boiler.  In  both  diagrams,  for 
reasons  already  in  part  explained,  the  points  representing  indi- 
vidual tests  fall  irregularly.  An  approximation  to  the  mean 
curve,  representing  draught  and  rate  of  combustion,  is  shown  by 
the  straight  liue  (Fig.  6;  which  is  represented  by  the  equation, 

D  =  .037G (1) 

in  Tvhich  D  is  the  draught  in  inches  of  water,  and  G  is  the 
pounds  of  coal  per  square  foot  of  grate  per  hour. 

Smoke-box  temperatures  were  determined  by  the  use  of  a 
copper  ball  of  known  weight  which  was  lodged  in  the  centre  of 
the  smoke  box  (B,  Fig.  152)  until  its  temperature  had  become 
equal  to  that  of  the  surrounding  gases.     It  was  then  allowed  to 
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roll  quickly  down  aD  incloBed  tube  into  a  water  calorimeter, 
the  origiDal  temperature  oC  the  ball  being  calculated  from  data 
thus  obtained.  By  these  means  it  was  possible  ordinarily  to 
obtain  one  observation  for  each  hour's  duration  of  test.    For 
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Tbla  and  other  charts  rrom  recardlag  ganges  are  from  lest  No.  IS.    The  tent  began  with  a  Brine 
Manal  I.«.    Tha  normal  draught  from  the  U-H  was  a  .ittle  lesa  than  S  lucl.es  (exactly  2.68  inches). 
Where  the  line  rtoa*  above  this  valre  It  Indicates  that  the  dampers  were  closed,  and  where  il  falls 
belM,  that  the  tit-Oao,  waa  open.     So  (ar  as  the  record  shows  the  frequency  with  which  the 
dampen  weie  changed,  Ihe  record  is  an  unusual  one.    lieferri.ig  to  the  diagrams  of  other  icaugea 
(Ftga.  lU  and  IK),  the  constancy  of  steam  preRFore  and  of  draught  may  he  lodged. 

some  of  the  later  tests  a  Le  ChateUer  pyrometer  was  used  in 
connection  with  the  copper  ball,  and  still  more  recently  has 
been  exclusively  depended  upon,  but  all  of  the  data  presented 
are  from  the  copper  ball  calorimeter. 

The  smoke-box  temperature,  as  affected  by  changes  in  the  rat© 
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of  combnstioD,  is  shown  by  Fig.  156,  and  as  affected  hj  changes  in 
the  rate  of  eraporation  by  Fig.  137.  From  these  fignres  it  will  be 
seen  that  as  the  power  of  the  boiler  is  increased  the  smoke-box 
temperatiire  rises ;  also  that,  as  in  the  case  of  the  draaght,  the 
points  representing  individual  tests  fall  irregularly.     It  should 


be  noticed,  however,  that  the  smoke-box  temperature  (column 
39)  is  lower  than  it  is  usuaUy  assumed  to  be.  It  varies  from 
550  degrees  to  798,  a  range  which,  considering  the  variation  in 
the  rate  of  combustion  (column  40),  is  not  great.  Ideal  condi- 
tions should  make  the  smoke-box  temperature  a  function  of  the 
rate  of  combustion,  but  under  actual  conditions  the  relationship, 
as  it  appears  in  Fig.  156,  is  not  without  variation.  This  is  un- 
questionably due  to  differences  in  fire  condition,  the  efficiency 
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of  the  action  at  the  grate  Taiyiug  greatly  for  different  tests. 
Other  things  being  equal,  a  low  smoke-box  temperature  should 
be  expected  to  indicate  a  thin  £re. 

Smoke-box  temperatures,  plotted  with  evaporation,  are  given 
in  Fig.  157.  As  evaporation  is  more  directly  a  function  of  the 
heat  passing  the  tubes  than  of  furnace  action,  this  comparison 
does  not  necessarily  involve  inequalities  in  the  action  of  the 
grate.  For  this  reason  the  points  should  be  expected  to  fall 
more  nearly  in  line,  but  at  the  scale  chosen  for  the  diagram  it 
must  be  confessed  that  the  actual  difference  is  not  great. 
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Evaporaiive  Performance  (Table  VUI.). — If  it  is  remembered 
that  the  results  of  this,  as  of  other  tables,  are  arranged  in  order 
of  power  the  data  it  presents  will  have  increased  significance. 
For  example,  by  merely  scanning  its  columns,  the  change  in 
evaporative  efficiency  resulting  from  increment  power  may  be 
seen.  The  table  shows  the  actual  evaporation  per  pound  of  dry 
coal  (column  41)  to  vary  from  6^  pounds  of  water  for  the  lightest 
power  test  to  4.77  for  the  heaviest  Columns  42  and  43  show 
respectively  the  evaporation  from  and  at  212  degrees  Fahr.  for 
each  pound  of  dry  coal,  assuming  the  quality  of  the  steam  to  be 
that  shown  by  the  calorimeter  (column  16),  and  assuming  all 
stesm  generated  to  have  been  dry  and  saturated.     In  a  similar 
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TABLE  Vin. 
Etapobative  Perfobmucce. 
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manner  colamns  44  and  45  show  the  equivalent  evaporation  per 
pounil  of  combustible,  assuming  the  quality  of  steam  to  be  that 
shown  by  column  16,  and  assuming  the  quality  to  be  that  of  dry 
saturated  steam.  All  of  these  values  are  proportional  to  the 
evaporative  efficiency  of  the  Ixiiler. 

Referring  to  the  equivalent  evaporation  per  pound  of  coal  as 
it  would  ordinarily  bo  calculated  (column  42),  it  will  be  seen  that 
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for  the  lightest  power  teat  the  evaporation  was  7.83  pounds, 
and  that  it  is  diminished  greatly,  bat  somewhat  irregularly,  as 
the  rate  of  eTaporation  increases,  until,  when  the  power  of  the 
boiler  becomes  maximum,  it  is  reduced  to  6.71,  a  loss  of  27  per 
cent  The  equivalent  evaporation  per  pound  of  coal  for  the  sev- 
eral tests  (column  42)  and  the  rate  of  evaporation,  as  represented 
by  the  pounds  of  water  evaporated  per  square  foot  of  heating  sur- 
face per  hour  (column  21),  are  plotted  in  Fig.  158.  From  the  points 
of  this  diagram  an  effort  has  been  made  to  locate  a  curve  which 
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should  show  the  relation  of  the  evaporative  efficiency  to  the  rate  of 
evaporation.  The  method  adopted  may  be  described  as  follows  : 
The  several  points  were  separated  into  nine  groups,  those  of 
each  group  representing  tests  of  nearly  the  same  power.  The 
grouping  is  as  follows : 

lit  Group.  Zd   Group.  8d  Group. 

Tnt  1  T«Bt  6  Test    8 


ith  Brovp. 
Testis 


17 


WA  Group. 
Test  31 
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6th  Group, 

7th  Group, 

8<A  Group, 

^th  Group, 

Test  23 

Test  29 

Test  34 

Test  85 

••    24 

"    30 

"    25 

•*    81 

**    26 

*'    82 

*'    27 

•*    83 

•*    28 

The  centres  of  the  first  seven  groups  have  been  determined 
and  their  location  is  shown  on  the  diagram  by  solid  black  spots. 
A  straight  line  drawn  as  nearly  as  possible  through  the  points 
thus  located  is  assumed  to  show  the  relationship  sought.  There 
are  but  two  centres  of  groups  that  are  as  much  as  1  per  cent, 
away  from  this  line,  and  four  touch  it  within  one-tenth  of  one 
per  cent. 

Before  attempting  a  more  critical  examination  of  the  line  thus 
located,  we  may  inquire  why  so  many  of  the  points  representing 
individual  tests  and  shown  upon  the  diagram  by  light  circles, 
fall  at  so  great  a  distance  from  it.  The  facts  in  the  case  are  as 
follows : 

11  points  or  81  per  cent,  of  the  whole  agree  with  the  curve  within  1  per  cent. 
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There  is  a  widespread  feeling  among  motive-power  men  that 
the  character  of  the  exhaust  has  much  to  do  with  the  efficiency 
of  the  furnace  action ;  that  a  heavy  exhaust  incident  to  slow  run- 
ning will  have  a  different  effect  upon  the  fire  than  the  lighter  but 
more  rapid  action  attending  higher  speeds,  though  the  draught, 
as  registered  by  a  gauge  in  the  smoke-box,  may  read  the  same. 
It  was  but  natural,  therefore,  to  first  look  to  the  engine  condi- 
tions for  an  explanation  of  the  irregularities  in  the  efficiency  of 
the  boiler.  The  result  of  such  a  study  tends  to  disprove  the 
commonly  accepted  theory,  and  justifies  the  conclusion  that,  with 
a  given  vacuum  in  the  smoke-box,  the  action  of  the  boiler  is 
quite  independent  of  the  manner  in  which  the  vacuum  is  main- 
tained, whether  by  slow  heavy  beats  or  quicker,  lighter  pulsa- 
tions. For  example,  we  have  tests  1,  2,  3,  4,  and  5  for  which 
differences  in  engine  conditious  were  confined  to  the  dimensions 
or  the  setting  of  the  valves.     All  were  run  at  a  speed  of  15  miles 
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an  hour  and  all  at  shortest  cut-off,  and  jet  the  results  are  widely 
separated.  In  the  second  group  are  tests  6  and  7,  which  check 
each  other  closely,  but  one  was  run  at  low  speed  under  a  liberal 
cut-off  (15 — 2),  while  the  other  was  at  a  higher  speed  and  shorter 
cut-off  (25 — 1).  The  third  group  consists  of  tests  8  (35 — 1 — A), 
9  (35— 2— JP),  10  (35— 1— r),  11  (35-2—^),  12  (45—1—^),  13 
(35— 2— J5),  and  14  (55—1—^).  Of  tests  numbered  8,  9,  10,  and 
11,  all  at  35  miles  an  hour,  two  were  run  at  short  cut-off  and  two 
at  a  more  liberal  one,  but  the  points  of  all  fall  near  the  curve. 
Of  the  fourth  group,  including  tests  15  (35 — 1 — II),  16  (35 — 1 — 
G),  17  (35— lb— <?),  18  (25—2—^),  19  (55— 1— F),  30  (35—2,— 
S)y  tests  16,  18,  and  20,  which  differ  one  from  the  other  in  speed 
and  cut-off,  fall  most  nearly  upon  the  curve,  while  tests  15  and 
16,  having  the  same  condition,  fall  on  the  opposite  side.  The 
two  tests  of  the  fifth  group,  21  {55—l—H\  and  22  {55—1—G), 
both  at  the  same  high  speed  and  short  cut-off,  fall  on  either 
side  of  the  line  curve.  A  comparison  of  the  remaining  groups 
gives  similar  results.  It  seems,  therefore,  but  fair  to  conclude 
that  variations  in  the  character  of  the  exhaust  jet — such  as  result 
from  changes  in  speed  or  cut-off — do  not  in  themselves  affect  the 
efficiency  of  the  boiler. 

It  is  well  known  that,  when  an  engine  is  working  under  a 
light  load,  a  skilful  fireman  can  maintain  a  very  thin  fire  over 
the  whole  grate.  Under  favorable  conditions  one  may  almost 
see  the  grate  bars  through  the  fire.  All  portions  of  such  a  fire 
are  bright,  and  there  will  be  plenty  of  steam,  but  the  firing 
must  be  frequent.  Such  a  fire  offers  so  little  resistance  to  the 
incoming  air  that  larger  volumes  than  are  needed  for  combus- 
tion pass  through  the  furnace  and  absorb  a  portion  of  its  heat. 
Again,  the  fire  may  be  made  so  thick  that  it  will  not  burn  clear. 
The  demand  for  steam  may  not  be  great,  and  a  sluggish  and 
smoky  fire  may  serve  to  generate  it.  But  such  conditions  can- 
not give  maximum  efficiency.  It  follows  that  somewhere  be- 
tween the  very  thin  fire  and  the  very  thick  fire  will  be  one  of 
such  thickness  as  will  result  in  maximum  efficiency.  The  same 
fireman  served  for  all  tests  here  reported.  He  was  skilled  in 
his  work,  and  every  effort  was  made  to  have  a  fire  suited  to  the 
demands  made  upon  it.  But  the  locomotive  fireman  takes  his 
cue  from  the  steam-gauge  rather  than  from  the  furnace.  If  the 
finger  of  the  gauge  is  moving  upward,  or  holds  its  own,  the  fire 
is  usually  assumed  to  be  all  right ;  if  it  falls,  something  must  be 
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done.  The  actual  condition  of  the  fire  nnder  such  circom- 
stances,  especially  in  a  test  for  which  a  constant  speed  and 
load  are  maintained,  depends  very  much  upon  the  character  of 
the  hre  at  the  start.  It  may  happen  that  two  tests,  apparently 
identical  as  to  speed,  load,  etc.,  may  be  run,  one  with  a  thick 
fire  and  the  other  with  a  comparatively  thin  fire,  and,  so  far  as 
outward  conditions  are  concerned,  the  tests  may  seem  equally 
satisfactory,  while  neither  satisfies  conditions  for  maximum  effi- 
ciency. 

With  these  facts  in  mind,  we   may  now  inquire  further  con- 
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cerning  the  variations  in  the  results  of  tests  to  which  attention 
has  already  been  directed.  Thus  a  comparison  of  the  11  tests 
that  agree  with  the  mean  curve  (Fig.  15S)  within  1  per  cent  with 
the  11  tests  which  have  the  greatest  divergence  from  it  reveals 
the  fact  that  the  tests  of  the  latter  class  are,  for  the  most  part, 
those  in  which  the  firing  of  the  boiler  was  difficult  The 
greater  part  of  the  tests  of  this  group  are  either  tests  at  very 
low  power,  for  which  only  a  light  fire  could  be  maintained 
without  danger  of  losing  steam  at  the  safety  valve,  or  tests  at 
high  speeds,  when  the  work  of  firing  was  hard  and  difficult 
Included  in  this  group  also  is  one  test  under  low  boiler-pres- 
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sure,  which  is  to  be  regarded  as  a  light  power  test  On  the 
other  hand,  those  which  agree  most  nearly  with  the  curve  are, 
for  the  most  part,  tests  at  medium  load,  which  were  easily- 
fired.     An  exhibit  of  these  facts  is  as  follows  : 


ReenUs  in  Agreement  with  the  Curve. 


Distance  which 

Points  are  Off 

the  Curve. 

Test 
Number. 

Per  Cent. 
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Rcralts  which  Diverge  from  the  Curve. 
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Distance  which 

Points  are  Oflf 

the  Curve. 

Test 
Number. 

Per  Cent. 

10.6 

13 

9.9 

3 

8.5 

21 

7.9 

1 

7.4 

82 

7.3 

80 

6.5 

22 

6.2 

88 

5.8 

84 

5.4 

81 

5.8 

12 

CO 


? 


OB 
4) 


85-2—^ 

15— 1— /T 

55—1—^ 

15—1—^ 

25—8—^ 

85-2—^ 

55— 1— (? 

85-2— (7 

55—2—^ 

45—2—^ 

45—1—^ 


Accepting  the  experimental  results  as  reliable,  it  seems  safe  to 
conclude  that  variations  in  the  efficiency  of  the  boiler,  as  dis- 
closed by  different  tests  at  the  same  power,  are  due  to  irregu- 
larities in  the  character  of  firing. 

Potoer  and  Efficiency, — Referring  again  io  Fig.  158,  it  should 
be  noted  that  the  ordinates  in  this  diagram  represent  the  evapo- 
rative efficiency  of  the  boiler,  and  the  abscissae  the  rate  of 
evaporation.  The  manner  in  which  the  line  which  is  assumed 
to  represent  the  mean  of  these  points  was  drawn  has  already 
been  described.     The  equation  for  the  line  is 

JE' =  10.08  -  .296// (2) 

in  which  E  is  the  pounds  of  water  evaporated  from  and  at  212 
degrees  Fahr.  per  pound  of  coal,  and  II  the  pounds  evaporated 
per  square  foot  of  heating  surface  per  hour. 

This  equation  and  others  derived  from  it  are  assumed  to  re- 
present the  average  performance  of  the  boiler  when  using  Indiana 
block  coal.     By  its  use  it  is  possible  to  obtain  a  coal  record  froi 
the  water  rate,  no  weighings  being  made  of  the  fuel.     De£e 
for  such  a  practice  is  to  be  found  in  the  comparative  ease  t 
which  the  water  record  is  obtained,  and  in  the  fact  that  the 
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consumption,  as  determined  from  the  equation,  is  a  more  con- 
sistent factor  than  can  ordinarily  be  obtained  experimentallj 
from  a  few  tests.  The  form  of  the  equation  will  doubtless  hold 
for  all  boilers  of  similar  design  with  that  tested,  but  the  con- 
stants may  change  with  the  proportions  of  the  boiler,  and  will  of 
necessity  change  with  the  character  of  the  fuel  employed. 

Efficiency  as  Affected  by  the  Quality  of  Fuel: — ^While  apparently 
somewhat  apart  from  the  present  purpose,  it  will  be  of  interest 
in  connection  with  the  general  discussion  to  review  certain 
results  which  have  been  obtained  from  five  different  samples  of 
fuel  tested  in  the  same  boiler,  and  which  were  reported  in  a 
paper  presented  to  the  Western  Railway  Club  at  the  December 
meeting,  1898.  The  several  samples  were  designated  as  A^  B^  (7, 
2?,  and  E,  All  were  bituminous  coals.  The  evaporation  obtained 
from  each  of  these  samples  is  shown  by  Fig.  159.  Line  D  on  the 
diagram  very  nearly  corresponds  with  that  given  in  Fig.  158  for 
the  Indiana  block,  and  its  equation  is  substantially  that  given 
above.     The  equation  for  line  E^  representing  the  best  coal,  may 

be  taken  as 

E,  =  12.9  -  0.41  H (a) 

and  for  line  (7,  representing  the  poorest  coal  as 

^,  =  9.4-0.24  7/ (6) 

These  equations  probably  represent  the  range  of  variations  in 
performance,  as  affected  by  different  qualities  of  fuel. 

The  rate  of  evaporation  represented  by  the  experiments  with  the 
Indiana  block,  upon  which  equation  2  is  based,  lies  between  the 
limits  of  5  and  1 5  pounds  of  water  per  square  foot  of  heating  sur- 
face per  hour,  while  the  limits  on  which  equations  a  and  h  are  based 
are  but  little  narrower.  The  equations  then  are  reliable  when  ZT 
is  allowed  a  value  which  is  not  less  than  5  nor  greater  than  15. 

lu  this  connection  it  is  of  interest  to  note  that  the  lines  E^  A^ 
i>,  C\  D  converge,  and  it  may  be  assumed  that  if  D  and  G  were 
sufficiently  extended  they  would  meet;  that  is,  if  the  rate  of 
evaporation  were  made  sufficiently  high,  both  the  good  and  the 
poor  coal  would  give  the  same  evaporation.  The  point  where 
this  would  happen  can  be  determined  from  equations  a  and  h 
by  making  E^^  equal  to  E.,,     Thus, 

12.9  -  0.41  //=  9.4  -  0.24  H 
and 

II  =  20.  approximately. 


r 
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That  is,  accepting  for  tlie  moment  this  equation  as  true  for  all 
values  of  //,  they  show  that  when  the  boiler  ia  foroed  to  evaporate 
20  pounds  of  water  per  square  foot  of  heating  surface  per  hour, 
the  poorer  coal  will  evaporate  as  much  water  per  pound  as  the 
better.  It  is  evident  that  the  equations  are  not  to  be  relied 
upon  for  conditions  so  widely  separated  from  those  covered  by 
the  experiments,  and  it  is  equally  evident  that  the  boiler  could 
not  easily  be  forced  to  so  high  a  rate  of  evaporation.   The  general 
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conclusion  to  be  deduced  is,  however,  perfectly  logicaL  The 
higher  the  power  to  which  a  boiler  is  forced,  the  smaller  is  the 
fraction  of  the  total  heat  developed  whicli  can  be  absorbed  by 
the  heating  surface.  If  forced  to  very  high  power,  the  amount 
of  heat  utilized  out  of  all  that  is  available  becomes  so  small  that 
slight  variations  in  the  amount  available  do  not  measurably  af- 
fect the  amount  utilized. 

If  carried  to  estrerae  limits,  it  will  doubtless  appear  that  the 
line  of  Fig.  158,  represented  by  equation  2,  is  in  fact  not  straight, 
though,  within  limits  which  are  sufficiently  broad  to  cover  all 
practical  cases,  it  may  probably  be  so  considered.     The  form  of 
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this  and  of  other  similar  lines  is  the  subject  of  discussion  in  a 
preceding  paragraph. 

Derived  Relutio7\8 : — The  relation  between  the  rate  of  evapora- 
tion and  the  rate  of  combustion  for  the  thirty-five  tests  under 
discussion  is  shown  by  Fig.  160.  The  points  in  this  figure  are 
located  from  experimental  data,  but  the  curve  which  is  assumed 
to  represent  their  mean  value  was  plotted  from  its  equation  as 
derived  from  equation  2.    Thus  equation  2,  as  already  given,  is 


We  may  let 


and 


i^  =  10.08  -  .296  JT. (2) 

W  =  total  pounds  of  water  evaporated,  from 
and  at  212  degrees  Fahr.  per  hour, 

C  =  total  pounds  of  coal  fired  per  hour. 


We  may  note  also  that 


Then 


1,214.4  ==  square  feet  of  heating  surface  in  the 
experimental  boiler. 

W  W 

YT  =  E,  and  //=    ^^ 


or 


C         ' 1,214' 


^  =  10.08  -  0.296  // 
=  10.08 -0-266  IF 


and 


1,214.4' 


C  = TF 

10.08  -  0.000244  JF ^^^ 


It  is  from  this  equation  that  the  curve  (Fig.  160)  was  plotted.  It 
will  be  seen  that,  while  the  curve  is  derived  quite  independently 
of  the  points,  the  two  systems  agree  closely. 

The  relation  of  water  evaporated  per  pound  of  coal  and  of 
pounds  of  coal  consumed  per  square  foot  of  grate  per  hour  is 
shown  by  Fig.  161. 

This  curve,  in  common  with  the  one  preceding,  is  plotted 
from  its  equation,  which  was  obtained  as  follows : 


THE  PURDUE  LOCOMOTIVE. 


Hftving 
let 


E  =  10. 

G  =  po 

] 


-  .296  IT, (2) 

of  coal  per  square  foot  of  grate 


-  sqi    .re  feet  of  grate  aurface  for  the  ex- 
]     imental  boiler. 


It  has  already  been  bIiowh 


r_,|,|^        0.296  „ 
0      '"•'*      1,214.4  "^^ 

or 

^+.000244^0  =  10.08: 

Irat 

therefore 

E  +  0.000244  SO  =10.08, 

and 

„               10.08 

1  +  0.0*244  C 

But 

C  =  17.25  0, 

aad,  therefore. 

10.08 

■^       1 +.00421  (.' 

(4) 


The  agreement  between  the  curve  plotted  from  this  equation 
and  the  experimeDtal  points  is  as  close  in  this  case  (Fig.  161) 
as  ID  those  previously  discussed.  Other  relationships  may  be 
established  by  aid  of  those  already  given.  Perhaps  the  most 
interesting  is  that  of  draught  (D)  to  total  weight  of  water  evapo- 
rated per  hour  {  W),  which  takes  the  form  of 


.00214  W 

'  1(1.08 -.00021411'"  ■ 


(5) 


Before  leaving  this  phase  of  the  subject,  it  is  of  interest  to 
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note  that  the  plotted  cun'es  representing  the  derived  equations 
(Figs.  160  and  161)  are  based  from  tlie  equation  of  a  straight 
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line.    Thia  straight  line  (Fig.  15S)  ia  believed  to  fairly  represent 
the  experimentiil  points  for  which  it  stands,  and  it  follows  that 
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the  curves  of  Figs.  160  and  161  represent  with  an  equal  degree  of 
accuracy  the  experimental  points  in  the  midst  of  which  they  are 
drawn.  If,  however,  the  experimental  points  represented  by 
Fig.  161  had  been  accepted  as  a  starting  point  for  the  several 
curves,  a  straight  line  might  have  been  drawn  through  them 
without  difficulty.  Had  this  been  done  and  the  relation  repre- 
sented by  Fig.  158  been  mathematically  derived  from  it,  the  line 
of  Fig.  15S  would  have  been  a  curve.  From  these  considerations, 
and  from  those  previously  presented  concerning  the  convergence 
of  the  several  lines  representing  different  samples  of  coal,  it  is 
evident  that  none  of  the  relationships  discussed  is  perfectly 
represented  by  a  straight  line.  But  with  nothing  but  the 
experimental  point  as  a  basis,  it  appears  difficult  to  locate  a 
line  which  will  better  represent  them  than  the  straight  line  of 
Fig.  158,  and,  as  before  noted,  within  the  limits  for  which  it 
appUes,  such  cannot  be  much  in  error. 

III. — Conclusions. 

1.  The  steam  delivered  by  the  boiler  tested  under  constant 
conditions  of  running,  as  shown  by  calorimeter  attached  to 
dome,  is  at  all  times  nearly  dry,  the  entrained  moisture  rarely 
equalling  1.5  per  cent.,  and  being  generally  much  less  than  this. 
While  the  relationship  cannot  be  perfectly  defined,  it  appears 
that  the  entrained  moisture  increases  slightly  as  the  rate  of 
evaporation  is  increased. 

2.  The  maximum  power  at  which  the  boiler  was  worked  with 
Brazil  block  coal  was  such  as  gave  30  boiler  horse-power  for 
each  square  foot  of  grate,  and  .427  horse-power  for  each  square 
foot  of  heating  surface.  Experiments  with  other  faels  indicate 
that  these  values  may  be  increased  by  the  use  of  a  better  coal 
by  about  15  per  cent.,  giving  maximum  values,  which,  in  round 
numbers,  are  35  horse-power  per  square  foot  of  grate  and  ,5 
horse-power  per  square  foot  of  heating  surface.  For  the  type  of 
boiler  experimented  upon,  and  under  conditions  of  constant 
running,  these  values  may  be  accepted  as  near  the  maximum. 

3.  The  maximum  rate  of  combustion  reached  was  182  pounds 
of  coal  per  square  foot  of  grate  per  hour,  which  is  equivalent 
to  2.6  pounds  per  square  foot  of  heating  surface. 

4.  The  maximum  draft  for  any  test  was  that  for  which  the 
average  value  was  7.5  inches.     If  D  is  the  reduction  of  pressure 
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in  the  smoke-box  measured  in  inches  of  water,  and  G  the  pounds 
of  coal  burned  per  square  foot  of  grate  per  hour,  then 

D  =  .037  G. 

Also,  if  W  be  the  total  weight  of  water  evaporated  per  hour, 
the  draught  necessary  to  produce  a  given  evaporation  is  repre- 
sented by  the  equation, 

.00214  W 


D  = 


10.08- .000244  TT' 


These  equations  apply  to  the  boiler  tested  when  using  Indiana 
block  coal. 

5.  Smoke-box  temperature  ranges  from  550  degrees  Fahr.  to 
800  degrees  Fahr.,  values  which  are  lower  than  those  which  are 
often  assumed  to  prevail. 

6.  The  evaporative  efficiency  of  the  boiler  as  affected  by 
different  rates  of  evaporation  is  expressed  by  the  equation, 

E  =  10.08  -  .296  //, 

in  which  £'is  the  pounds  of  water  evaporated  from  and  at  212 
degrees  Fahr.  per  pound  of  coal,  and  H  the  pounds  of  water 
evaporated  from  and  at  212  degrees  Fahr.  per  square  foot  of 
heating  surface  per  hour ;  this  for  the  boiler  tested  using  Indiana 
block  coal,  and  for  values  of  H  of  not  less  than  5  or  greater 
than  15.  With  different  coals  the  constants  will  vary,  results 
which  are  near  the  minimum  being  expressed  by 

-^n.ln.  =  0.4-.024^, 

and  results  near  the  maximum  by 

i;„,ax.  =  12.9  -.041  iT: 

These  equations  may  be  accepted  as  of  rather  general  appli- 
cation, representing  approximately  the  performance  of  any  loco- 
motive boiler. 

7.  The  evaporative  efficiency  of  the  boiler  as  affected  by 
different  rates  of  combustion  is  expressed  by  the  equation, 

10.08 


E  = 


1  +.00421  O 


>  9 


in  which  E,  as  before,  is  the  pounds  of  water  evaporated  from 
and  at  212  degrees  Fahr.  per  pound  of  coal,  and  G  the  pounds 
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of  coal  burned  per  square  foot  of  grate  per  hour ;  this  for  the 

boiler  tested  using  Indiana  block  coal. 

8.  The  relation  of  coal  burned  to  water  evaporated  is  expressed 

by  the  equation, 

W 


C  = 


10.08  -  .000244  W 


in  which  C  is  the  total  pounds  of  coal  burned  per  hour,  and  W 
the  total  pounds  of  water  evaporated  from  and  at  '212  degrees  Fahr. 
per  hour ;  this  for  the  boiler  tested  using  Indiana  block  coal. 

9.  The  condition  of  running  the  engines,  whether  with  long 
or  short  cut-off,  or  at  high  or  low  speed,  does  not  appear  to 
affect  the  eflSciency  of  the  boiler  of  a  locomotive,  except  in  so 
far  as  it  affects  the  average  value  of  the  draught. 

10.  The  eflSciency  of  the  boiler  of  a  locomotive,  as  disclpsed 
by  two  different  tests,  for  which  all  conditions  of  running  are  the 
same,  may  vary  considerably,  due  doubtless  to  inequalities  in 
the  firing. 

DISCUSSION. 

Mr.  Frank  C.  Wagner, — It  will  be  instructive  to  compare  the 
results  given  in  this  very  interesting  paper  with  tests  of  other 
locomotives,  and  particularly  with  road  tests.  In  the  table  be- 
low are  given  the  principal  results  of  two  series  of  tests  made 
under  my  direction.  The  tests  marked  A  were  road  tests,  made 
upon  a  20  by  26  Baldwin  consolidation  freight  locomotive,  in 
1898,  a  fuller  account  of  which  may  be  found  in  the  Railroad 
Oazette,  August  12,  1898.  The  tests  marked  5  were  shop  tests 
of  a  17  by  24  Pittsburg  passenger  locomotive  : 


Namber  of 

Dn  ration 
of  test. 

Average 
gauge 

minatee. 

priBPure. 

1—4 

2>6 

147.6 

2-A 

243 

160.8 

8—4 

245 

161.1 

4—4 

241 

157.1 

Aye  rage. . 

156.6 

1— J9 

127 

151.4 

2— J5 

118 

143. 

8-^ 

185 

141.1 

4-J5 

37 

154. 

Ponnds  of 

coal  per 

sq.  ft.  of 

grate. 


101.4 
114.5 
104.8 
110.3 
107.8 

23. 
52.3 
56.4 
99.6 


Pounds  of 
water  from 
and  at  212o 
per  pq.  of 
heating  ear- 
face. 


Ponndt*  of 

water  from 

and  at  212o 

per  pound 

of  coai. 


Average 
draft  in 

smoke-box. 

Ins.  water. 


10.1 

7.26 

,      3.7 

10.5 

6.70 

3.3 

9.78 

6.83 

2.9 

9.91 

6.55 

3.8 

10.07 

6.83 

3.4 

2.15 

7.49 

0  92 

5.45 

8  27 

2.8 

5.53 

7.82 

3.23 

7.73 

5.15 

.Average 
tempera- 
ture in 
smolce- 

box  : 
degrees 

Fahr. 


635 
050 

680 
655 


670 
739 


488    TESTS  OP  THE  BOILER  OF  THE  PURDUE  LOCOMOTIYE. 

The  coal  used  in  test  A  was  an  Alabama  coal,  having  59. 1  per 
cent,  of  fixed  carbon,  and  33.4  per  cent,  of  volatile  combustible. 
The  total  combustible — 92.5  per  cent.— is  slightly  greater  than 
that  given  by  Professor  Goss  for  the  Brazil  block  coal  used  in 
the  tests  he  reports.  The  coal  used  in  tests  1 — B  and  2 — B 
contained  36.8  per  cent,  of  fixed  carbon  and  37.5  per  cent,  of  vol- 
atile combustible.  The  coal  used  in  tests  3 — B  and  4 — B  con- 
tained 53.7  per  cent,  of  fixed  carbon,  and  21.3  per  cent,  of  volatile 
combustible. 

If  the  average  of  the  results  obtained  in  tests  marked  A  be 
plotted  on  Figs.  156,  157,  and  158  of  Professor  Goss's  paper, 
they  will  be  found  to  agree  fairly  well  with  his  average  values. 
The  results  of  test  5,  plotted  on  Fig.  156,  give  for  the  draught 
readings  a  line  of  much  steeper  slope  than  that  representing 
the  average  of  Professor  Goss's  results.  The  smoke-box  tem- 
peratures are  also  somewhat  higher,  as  would  be  expected. 

From  the  above  comparisons  it  appears  that  while  Professor 
Goss's  results  give  the  general  laws  of  the  variation  of  the 
draught,  smoke-box  temperature,  and  economic  evaporation  as 
dependent  upon  the  rates  of  combustion  and  evaporation,  the 
exact  numerical  values  depend  upon  the  proportions  of  the  par- 
ticular locomotive  under  consideration,  as  well  as  upon  the 
quality  of  fuel  used. 

I  should  like  to  add  a  word  regarding  the  proper  plan  for 
testing  the  quality  of  the  steam  in  a  locomotive.  It  is  a  com- 
mon practice  to  introduce  the  sampling  nipple  in  the  side  of 
the  steam  dome,  as  Professor  Goss  has  done.  It  has  been  my 
practice  for  some  time  to  place  the  sampling  nipple  in  the  steam 
pipe,  as  near  to  the  steam  cylinder  as  possible.  The  difference 
in  the  quality  of  the  steam  at  the  two  places  is  considerable.  I 
have  never  found  anything  but  dry  or  superheated  steam  when 
the  sample  is  taken  in  the  steam  pipe  close  to  the  cylinder.  It 
is  necessaiy,  of  course,  to  make  the  pipe  connection  between 
the  sampling  nipple  and  the  calorimeter  as  short  as  possible, 
and  to  cover  it  heavily  with  asbestos,  so  as  to  prevent  super- 
heating of  the  sample. 

I  do  not  believe  that  a  sampling  nipple  placed  in  the  steam 
dome  gives  a  fair  sample  of  the  steam  actually  entering  the 
throttle  valve.  The  particles  of  water  carried  up  mechanically 
by  the  steam  drop  back  again  in  large  part,  so  that  the  sampling 
nipple  catches  them  coming  and  goivg,  while  the  steam  passes 
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steadily  in  one  direction.  Furthermore ,  the  steam,  in  entering 
the  top  opening  of  the  throttle  valve,  turns  through  an  angle  of 
180  degrees,  and  leaves  behind  at  least  a  part  of  the  entrained 
moisture.  I  Lave  tried  this  in  a  stationary  boiler  having  a  steam 
dome,  where  the  priming  was  considerable.  The  percentage  of 
moisture  when  the  sample  was  taken  directly  fi-om  the  steam 
dome  was  found  to  be  much  greater  than  when  the  sample  was 
taken  from  the  steam  pipe. 

When  the  throttle  valve  is  partly  closed,  the  pressure  and 
temperature  in  the  dry  pipe  are  less  than  the  jH-essure  and  tem- 
perature of  the  boiler  steam  by  which  it  is  surrounded,  so  that 
there  is  an  actual  transfer  of  heat  which  dries,  and  in  some 
cases  superheats,  the  steam  Sowing  to  the  engine.  Conse- 
quently, the  heat  transmitted  to  the  steam  would  not  be  accur- 
ately determined  even  if  the  quality  of  the  steam,  as  it  passes 
the  throttle,  could  be  found  with  certainty. 

By  placing  the  sampling  nipple  in  the  steam  pipe,  close  to 
the  cylinder,  the  entire  heat  received  per  pound  of  steam,  in- 
cluding what  may  be  transmitted  through  the  steam-pipe  in  the 
smoke-bos,  is  accurately  determined.  And,  what  is  more  im- 
portant, the  exact  quality  of  the  steam  as  it  enters  the  engine  is 
also  determined. 

Mr.  FreiUrick  A.  Sfheffier. — The  Society  is  indebted  to  the 
author  of  this  paper,  for  the  subject  is  a  most  interesting  one, 
and  has  never  before  been  presented  to  us  in  so  complete  and 
concise  a  form.  The  steam  locomotive  is  frequently  referred  to 
as  being  extremely  wasteful  in  fuel  consumption ;  but  all  of  these 
35  teats  show  conclusively  that  the  boiler,  at  any  rate,  is  as 
economical  as  the  average  stationary  boiler  plants  throughout 
the  country,  and  better  than  a  large  number  of  them,  the  quality 
of  fuel  used  being  taken  into  consideration  with  the  rate  of 
evaporation. 

The  quality  of  the  steam  shown  in  these  tests  is  undoubtedly 
much  better  than  would  actually  be  the  case  were  the  engine  in 
regular  running  service  on  a  track  and  subject  to  the  "  jarring  " 
or  "  shaking  up "'  which  accompanies  a  locomotive,  no  matter  how 
perfect  the  track  conditions  may  be.  I  am  confident  tliiit  under 
snch  conditions  the  tendency  for  the  particles  of  moisture  held 
in  suspension  with  the  steam  to  combine  with  the  latter  will  be 
greatly  increased,  and  calorimeter  readings  would,  therefore, 
show  a  lower  quality  of  steam. 
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It  might  not  be  out  of  place  just  here  to  state  that  a  form  of 
mesh  separator  and  superheater  so  successfully  used  and  speci- 
fied to-day,  located  in  the  steam  space  of  stationary  boilers  (re- 
placing the  ordinary  form  of  dry  pipe),  is  especially  applicable 
to  locomotives,  and  can  be  readily  placed  in  ,the  dome  in  such 
a  manner  that  all  the  steam  used  must  pass  through  the  sepa- 
rator before  it  can  enter  the  throttle  valve.  The  superheating  is 
effected  by  slight  wire  drawing  (about  1  per  cent.),  and  tempera- 
ture is  raised  4  to  5  degrees  thereby. 

I  hope  to  be  able  at  the  next  meeting  of  the  Society  to 
present  some  tests  of  a  locomotive  in  actual  runniog  condi- 
tion, showing  quality  of  steam  at  the  steam  chesty  both  before 
using  separator  and  after.  It  is  the  opinion  of  a  prominent 
mechanical  engineer,  associated  with  one  of  the  largest  railways 
in  this  vicinity,  that  superheated  steam,  of  only  a  few  degrees 
superheat,  in  a  locomotive  will  greatly  prevent  the  excessive 
loss  of  condensation  in  the  cyUnders,  and  also  give  a  higher 
terminal  pressure ;  and,  furthermore,  that  passing  the  steam 
through  successive  layers  of  a  mesh  will  prevent,  to  a  large 
degree,  grit  from  bad  feed  water  passing  into  the  steam  chesty 
and  thus,  in  time,  damaging  the  valve  seats  and  cylinders. 

I  am  well  aware  that  cylinder  condensation  and  wear  and  tear 
of  cylinders  has  nothing  to  do  with  the  efficiency  of  the  boiler ; 
but  the  quality  of  the  steam  produced  by  the  latter  affects  to  a 
large  extent  the  amount  of  cylinder  condensation ;  hence  it  would 
seem  advisable  to  use  steam  as  dry  and  superheated  as  can  pos- 
sibly be  obtained  within  the  limits  of  first  cost  and  practica- 

bilitv. 

Mr.  R.  S.  Tlole, — There  are  several  items  of  interest  in  Pro- 
fessor Goss's  paper,  but  a  careful  study  of  them  indicates  that 
the  tests  were  not  made  under  the  same  conditions,  so  that  they 
afford  but  little  information  as  to  what  results  would  be  obtained 
in  similar  tests.  That  the  tests  were  not  made  under  the  same 
conditions  is  shown  as  follows : 

Fig.  156  shows  that  for  this  series  of  tests  the  rate  of  combus- 
tion per  square  foot  of  grate  is  nearly  proportional  to  the 
draught  pressure,  and  is  not  proportional  to  the  square  root  of 
the  draught  pressure,  as  it  should  be  theoretically.  The  reasons 
for  Professor  Goss's  results  are  probably  as  follows :  the  quan- 
tity of  air  passing  through  the  interstices  of  the  coal  bed  should 
(assuming  the  fire  to  be  of  the  same  thickness  in  the  different 
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tests)  be  proportioD&l  to  tlic  squari;  root  of  the  draught  pres- 
sttre.  Iq  the  tests  at  n.  high  rate  of  combastion,  howeyer,  tbere 
■were  untloubtedly  a  large  quautitj  of  sparks  carried  up  the 
cbimuey  that  did  not  buru.  Professor  CKisa's  tests,  elBewhere 
published,  have  shown  that  at  high  rates  of  combastion  the 
amouDt  of  such  sparks  is  8  to  15  per  cenL  of  the  coal  fired. 
Correcting  for  such  sparks,  and  counting  only  coal  aotnally 
burned,  the  rate  of  combustion  per  square  foot  becomes  leas 
than  proportional  to  the  draught  pressure,  but  more  than  pro- 
portional to  the  square  root  of  the  draught  pressure.  Aa 
will  be  shown  below,  it  is  also  very  probable  that  the  air-supplj 
per  poand  of  fuel  burned  was  less  at  the  high  rates  of  combus- 
tion. If  this  was  the  case,  it,  tt^ether  with  the  sparks,  would 
account  for  the  results  shown  in  Fig.  156,  while  if  the  tests 
had  all  been  under  the  same  conditions  aa  to  air-sapply  per 
pound  of  coal  actually  burned,  and  aa  to  the  quantity  of 
sparks  per  pound  of  coal  burned,  the  theoretical  formula, 
making  the  rate  of  combustion  proportion^  to  the  square 
root  of  the  draught,  would  be  obtained. 

I  also  note  that  equation  2  and  Fig.  158,  giving  relations 
between  efficiency  and  rate  of  working,  correspond  in  form  with 
the  Bankine  formula  and  the  results  obtained  in  my  paper  on 
"  Efficiency  of  Boiler  Heating  Surface "  a  few  years  ago,  and 
so  do  equations  A,  B,  and  Fig.  159.  It  is  evident,  however, 
even  if  the  tests  giving  each  of  the  lines  of  Figs.  158  and  159 
were  under  the  same  conditions,  that  the  different  series  aa  a 
whole  are  not  comparable,  probably  on  account  of  different  air- 
supply  per  pound  of  fuel.  That  the  series  are  not  comparable 
is  shown  by  the  remarks  in  connection  with  Table  II.  If  the 
different  lines  meet,  they  must  diverge  beyond  the  meeting 
point,  which  would  give  the  result  that  the  poorest  coal  would, 
at  high  rates  of  working,  give  the  highest  evaporation  per  pound 
of  coal.  For  the  poor  coal  to  do  better  than  the  good  coal 
could  hardly  be  the  case  unless  the  conditions  of  air-supply 
were  different,  or  unless  there  was  incomplete  combustion. 
That  the  conditions  of  air-supply  were  probably  different 
is  shown  as  follows  :  Bankine's  formula  shows  that  if  the 
different  series  of  teiiits  are  all  under  the  same  conditions, 
except  as  to  quality  of  coal,  each  line  would  start  from  a  point 
on  the  vertical  axis  nearly  proportional  to  the  calorific  power 
of  the  coal  when  burned  in  a  calorimeter,  and  would  each  cut 
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the  liorizontal  axia  at  a  point  nearly  proportional  to  the  aqu&re 
of  the  theoretical  furnace  temperature,  i.e.,  to  the  square  of  the 
calorific  value.  This  would  make  the  curves  of  Fig.  159  couverge 
to  the  left-hand  side  (meeting  beyond  the  axis)  and  diverge  to 
the  right.  Since  they  do  just  the  opposite,  it  shows  eitber  that 
the  assumption  on  which  Rankine's  formula  is  founded  is  in- 
correct, or  else  that  the  series  of  testa  which  gave  the  lines  of 
Fig.  159  were  under  different  conditions.  Since  Rankine's  for- 
mula has  on  the  whole  been  confirmed  by  a  great  many  teats, 
and  since  the  conditions  of  air-supply  in  the  tests  of  Fig.  159  are 
not  given,  it  is  most  probable  that  Rankine's  formula  is  not  yet 
overthrown,  but  that  the  series  of  tests  were  under  different  con- 
ditions of  air-aupply.  This  is  also  rendered  probable  by  the  fol- 
lowing consideration :  the  constants  of  equation  2  depend  on  the 
air-supply.  {Tmnsactionx,  1897,  p.  340.)  Now,  the  second  con- 
stant of  equation  2  (affecting  //)  has  the  value  .296,  which  should 
correspond  to  a  very  small  air-aupply,  and  depends  on  the  tests 
at  a  high  rate  of  working.  The  first  constant,  10.08,  oorreaponds 
to  a  very  large  air-supply,  and  depends  chii'fly  on  the  tests  at  a 
low  rate  ot  working.  Therefore,  if  the  air-supply  per  pound  of 
fuel  was  comparatively  large  (probably  30  pounds  or  so)  in  the 
tests  at  a  low  rate  of  evaporation,  gradually  decreasing  to  a 
comparatively  small  amount  (10  to  15  pounds)  in  the  tests  at  a 
high  rate  of  combustion,  the  results  obtained  in  the  tests  would 
correspond  exactly  with  Bankine'a  theory.  That  such  a  variation 
in  the  air-supply  at  different  rates  of  combustion  is  very  probable 
is  also  shown  by  the  tests  collected  in  Table  XVI.,  page  793, 
Transactions,  1899,  which  show  that  the  air-supply  often  decreases 
as  rate  of  combuation  increasea.  Further,  such  a  variation  in 
the  air-supply  would  also  explain  why  the  draught  pressure  at 
high  rates  of  combustion  was  so  much  leas  than  would  have 
been  expected  from  the  ordinary  hydraulic  forraida.  Of  course, 
if  much  less  air  were  being  used  per  pound  of  coal  at  high  rates 
of  combustion,  less  draught  pressure  would  have  been  necessary 
to  force  or  draw  this  air  through  the  interstices  of  the  coal 
bed. 

These  deductions  seem  to  show  that  the  tests  given  in  Pro- 
fessor Goss's  paper  were  not  made  under  the  same  conditioDs, 
but  that,  besides  the  variables  of  rate  of  evaporation,  etc.,  which 
are  reported,  the  air-supply  per  pound  of  coal  also  varied  very 
considerably,  being  high  in  the  light  power  tests  and  low  iu  the 
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higli  power  testa.  Thia  should  be  remembered  in  drawing  any 
conclnsious  from  those  tests,  since  if  the  conditions  had  been 
socU  that  the  air-supply  had  been  low  in  the  light  power  tests 
and  high  in  the  high  power  teats  the  results  might  have  been 
exactly  reversed.  If,  instead  of  making  thirty-five  incomplete 
tests,  Professor  Goss  had  made  half  a  dozen  complete  tests, 
measariug  the  air-supply  by  means  of  careful  fiue-gaa  analyses, 
he  could  have  given  ne  results  that  would  have  been  of  great 
value. 

Mr.  Itocliicood. — It  ia  said  that  fools  will  msh  in  where  angels 
(ear  to  tread,  I  am  moved,  however,  to  offer  what  I  am  sure 
will  seem  to  the  man  who  has  made  a  specialty  of  locomotive 
design  some  foolish  suggestions  on  that  subject,  which  may  or 
may  not  seem  pertinent  to  Professor  Goss's  paper,  according 
to  how  you  look  at  it. 

Professor  Gosa  has  shown  that  the  boiler  is  not  the  worst, 
but  probably  the  best,  part  of  the  locomotive.  The  question, 
therefore,  which  I  dare  to  bring  up  is,  What,  if  there  lie  any, 
are  the  other  elements  of  the  locomotive  which  can  still  be 
improved  ? 

Is  the  question  really  closed  already?  Our  locomotives  are 
now-  so  much  larger  than  they  used  to  be,  we  generate  so  much 
more  eteam  in  a  single  machine  than  ever  before,  and  run  pas- 
senger engines  so  much  greater  distances  at  a  time  than  they 
were  run  before,  that  the  question  natursUy  arises  in  the  mind 
of  an  on-looker  as  to  why  the  problem  of  radically  improving 
the  economy  of  the  locomotive  has  been  abandoned  as  one  im- 
possible of  solution. 

I  believe  that  the  locomotive  contains  a  defect  of  elemental 
design  which,  in  case  of  the  very  large  machines  recently  con- 
structed both  in  thia  country  and  in  Europe,  is  no  longer  made 
necessary  in  the  interest  of  simplicity.  I  refer  to  the  use  of  the 
exhaust  steam  to  produce  a  draught  Thia  is  the  great  cause  of 
the  wastefulness  of  the  locomotive  as  compared  with  the  sta- 
tionary non-condensing  power  plant.  It  appears  to  me  that  it 
would  not  introduce  much  extra  complication  into  the  means  for 
controlling  the  speed  of  the  engine  if  mechanical  draught  were 
substituted  for  the  present  arrangement  of  exhaust  nozzles. 

The  design  of  the  Schneider  fast  passenger  locomotive,  ex- 
hibited at  Paris,  shows  how  room  might  be  found  for  the  neces- 
sary fans.     It  had,  as  you  recollect,  the  engineer's  cab  in  front 
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of  the  boiler.  This  seems  to  me  to  be  the  direction  progress  is 
taking  in  the  development  of  locomotives.  The  Italian  com- 
pound locomotive,  also  on  exhibition  at  Paris,  is  another  illus- 
tration of  this  tendency.  This  engine  shows  how  much  room 
there  may  be  on  the  front  end  of  the  machine.  I  doubt  not 
that  some  foreigner  will  soon  produce  a  locomotive  provided  with 
fans  in  front  of  the  smoke-box  to  create  the  draught.  He  will 
thus  get  rid  of  the  excessive  back  pressure  now  necessary,  and 
will  heat  the  feed  water,  and  perhaps  the  train,  with  the  waste 
steam. 

In  this  instance  Americans  will  be  too  conservative  even  to 
try  the  experiment.  Foreigners  are  much  more  active  in  experi- 
menting on  new  features  in  locomotive  design  than  we  are.  We 
are  so  practical  that  we  let  them  lead  the  way,  only,  in  most 
cases,  to  adopt,  and  generally  improve  upon,  their  originality 
later  on. 

I  ask  those  who  know  why  no  one  has  yet  availed  himself  of  the 
modern  high  development  of  induced  draught  fans  to  provide 
air  for  combustion  in  this  way  ?  Surely  this  is  the  only  great 
defect  now  to  be  found  in  the  locomotive.  I  should  think  it 
would  not  be  extravagrant  to  expect  a  gross  saving  of  from  one- 
quarter  to  one-third  of  all  the  coal  now  burned,  as  the  result  of 
the  substitution  of  fans  for  the  blast  pipes.  The  questions  to  be 
answered  are,  Are  the  difficulties  in  the  way  insuperable  ?  Has 
mechanical  draught  yet  been  given  a  fair  test  on  a  modem 
engine  and  according  to  modem  ideas? 

Ifr.  William  KevU. — I  think  Professor  Goss  is  to  be  congratu- 
lated that  he  has  got  an  engine  fixed  up  there  at  Purdue  so  that 
he  can  test  ii  It  is  an  opportunity  that  few  people  in  the  world 
have  ever  had ;  and  he  is  to  be  congratulated  also  that  he  has 
presented  his  results  in  the  form  he  has  so  that  they  can  be 
criticised  in  the  manner  that  they  have  been  by  Mr.  Hale  and 
others,  and  so  that  he  can  go  ahead  and  make  further  tests  and 
give  us  still  better  results,  and  results  having  more  scientific 
value. 

I  have  lately  been  making  an  investigation  into  the  causes 
that  affect  the  economy  of  boilers,  and  have  come  to  the  conclu- 
sion that  the  air-supply  is  a  far  more  important  factor  than  it  has 
generally  been  considered.  In  any  scientific  boiler  test  where 
we  want  to  get  all  the  data  possible  for  the  purpose  of  studying 
and  comparing  results,  a  test  is  not  complete  unless  we  have 
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sufficient  analysis  of  the  gaaes  to  Judge  of  the  air-supply.  There 
is  now  made  by  Uehiing  &  Steiubart  a  gas  composimeter  by 
which  there  ia  a  continuous  indication  of  the  amount  of  car- 
bonic acid  in  the  chimney  gases.  There  is  also  the  Arndt  Eco- 
nometer.  So  there  are  two  methods  of  getting  a  diagram  of  the 
amount  of  carbonic  acid  in  the  chimney  gases  from  which  you 
can  determine  approximately  the  air-supply  per  pound  of  com- 
bustible, provided  the  combustion  is  perfect.  So  I  hope  that 
Professor  Goes  will  put  iu  his  plant  at  Purdue  both  the  methods 
of  testing  the  gases,  besides  a  chemical  laboratory,  and,  if  possi- 
ble, that  he  will  rig  up  a  mechanical  draught  to  that  locomotive, 
or  a  measuring  anemometer,  or  something,  so  that  the  air-supply 
can  be  estimated  at  the  other  end. 

In  regard  to  the  quality  of  the  steam  in  a  plant  like  that, 
where  he  has  facilities  for  making  tests,  and  time  to  rig  up  per- 
manent arrangements,  the  only  proper  way  to  determine  moist- 
ure is  to  take  a  separator  and  catch  the  water  and  weigh  it. 
The  economy  of  any  steam  boiler  is  a  function  of  the  tempera- 
ture in  the  furnace  and  the  temperature  in  the  chimney.  No 
boiler  test  is  satisfactory  from  a  scientific  point  of  view  unless 
we  know  aomethiug  about  the  temperature  in  the  furnace,  to 
show  whether  the  combustion  is  proper.  We  have  the  Le  Chate* 
lier  pyrometer.  We  have  the  Uehiing  &  Steinbart  pyrometer, 
and  the  other  day  we  had  a  description  of  the  Bristol  pyrometer. 
The^e  instruments  ought  all  three  to  be  used  in  the  locomotive. 
So  that  I  trust  that  the  locomotive  tests  will  be  continued  with 
the  addition  to  the  plant  of  all  these  pieces  of  apparatus  for 
testing  and  getting  complete  data.  Then  we  will  have  results 
that  we  can  bank  on. 

Mr.  R.  H.  Souk.— We  have  heard  one  rather  sharp  stricture 
on  some  of  the  facts  that  have  been  presented  in  Professor 
Goss's  paper  ;  but  I  think  we  realize  that  it  comes  from  a  pro- 
fessional critic.  I  do  not  think  that  we  ought  to  let  that  blind 
ns  to  the  fact  that  this  is  certainly  a  very  valuable  paper  indeed ; 
that  it  collects  and  presents  iu  useful  form  a  great  deal  of  tabu- 
lated information  which  has  not  been  available  heref.ofore;  and 
I  think  at  least  all  that  part  of  the  mechanical  fraternity  which 
has  to  do  with  the  design  or  performance  of  locomotives  will 
substantially  agree  that  this  is  one  of  the  best  and  greatest  con* 
tributions  to  the  literature  of  that  branch  of  the  professiou 
which  has  reached  them  in  a  long  time.     I  myself  think  that  the 
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information  is  both  unique  and  invaluable ;  in  fact,  so  invaluable 
that  I  believe  we  have  an  absolute  grievance  against  Professor 
Goss  in  the  fact  that  although  this  series  of  tests  was  com- 
pleted in  February,  1897,  he  has  not  given  us  the  results  until 
December,  1900. 

I  would  like  to  request  of  Professor  Goss  that,  in  closing  the 
discussion  or  in  editing  his  remarks  for  the  J^roceedings,  he 
should  advise  us  on  this  point,  whether  it  would  be  safe  to 
generalize  from  the  figures  and  curves  that  are  given  in  this 
paper,  beyond  the  limits  of  the  capacity  of  this  boiler ;  that  is, 
whether  it  would  be  safe  to  draw  inferences  from  these  figures 
and  curves  in  reference  to  boilers  of  large  capacity,  which  are 
principally  what  we  have  to  deal  with  in  practice  to-day.  Also 
another  thing  that  I  think  would  be  of  great  interest  is  the  re- 
lation which  exists  between  the  rated  horse-power  of  the  boiler, 
as  recorded  on  page  464,  and  as  indicated  by  its  evaporation  of 
water— the  relation  which  exists  between  the  horse-power  of  a 
boiler  determined  in  that  way  and  the  indicated  horse-power  of 
a  locomotive.  Professor  Goss  states  at  the  outset  of  this  paper 
that  this  paper  gives  results  in  so  far  as  relates  to  the  boiler 
only ;  but  he  also  states  that  indicator  diagrams  were  taken. 
Therefore,  presumably,  he  has  on  record  the  indicated  horse- 
power of  the  locomotive  as  revealed  in  the  cylinders  correspond- 
ing to  each  one  of  the  tests  here  given,  and  corresponding  to  each 
one  of  the  rated  horse-power  capacities  of  the  boiler ;  and  I  think 
it  would  be  of  interest  if  he  could  put  on  record  in  the  Proceed^ 
iufjs  two  curves  on  the  same  chart,  showing  the  relation  between 
these  two  series  of  horse-power  quantities.  It  would  be  very 
interesting  to  us  to  know  whether  these  curves  are  parallel  or 
whether  they  converge  or  diverge — in  fact,  what  the  relation  is 
between  them. 

I  am  inclined  to  say  something  in  answer  to  the  gentleman  on 
my  left;  not  in  general  answer  to  his  argument,  but  simply 
to  give  a  single  illustration  in  answer  to  his  statement  that  lie 
believes  that  we  derive  most  of  our  inspiration  in  locomotive 
design  and  most  of  our  improvements  and  good  things  from  the 
other  side  of  the  water.  It  so  happens  that  within  the  last 
month  I  received  a  communication  from  a  foreign  engineer, 
whose  name  I  do  not  feel  at  liberty  to  mention,  but  who  is  con- 
ceded to  be  eminent  as  a  locomotive  designer.  He  enclosed  a 
diagram  of  a  new  form  of  4  cylinder  compound  locomotive,  and 
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asked  me  whether  I  would  be  willing  to  undertake,  in  his  inter- 
est, the  introduction  of  locomotivea  of  that  type  in  America.  I 
mEbde  a  preliminary  answer,  simply  an  acknowledgment  of  receipt, 
and  said  I  would  answer  in  full  later.  I  had  an  opportunity 
soon  after,  during  a  trip  to  Pittsburg  and  Altoona,  to  confer  with 
my  friend  of  25  years'  standing,  the  mechanical  engineer  of  the 
Pennsylvania  Hailroacl,  and  you  can  well  imagine  him  to  be 
a  fairly  good  authority  on  such  questions,  and,  after  going  over 
the  matter,  he  concurred  in  the  conclusiou  which  I  had  ali-eadj 
reached  myself,  that  there  was  not  the  faintest  chance  of  a 
4-cylinder  locomotive  of  that  type  finding  acceptance  anywhere 
in  America — absolutely  no  chance — and  that  the  engineer  who 
undertook  to  introduce  it  would  certainly  discredit  himself.  I 
offer  that  simply  as  one  instance  from  actual  practice,  and  a 
very  recent  instance,  to  indicate  the  opposite  of  what  the  gen- 
tleman said,  and  to  show  that  at  least  now  and  then  we  get  some 
suggestions  from  Europe  which  are  not  acceptable  to  locomotive 
designers  of  this  country. 

Mr.  C.  V.  Kerr. — I  think  I  am  one  of  the  angels  in  this  discus- 
sion, and  not  one  of  the  other  fellows.  Referring  to  the  question 
of  introducing  mechanical  draught  under  locomotive  boilers,  I 
would  like  to  recall  the  fact  that  in  the  early  history  of  the 
locomotive  mechanical  draught  was  tried.  It  was  tried  on 
Ericsson's  engine  at  that  famous  Rainhill  contest,  and  I  believe 
that  it  was  the  cause  of  the  engine  breaking  down  and  failing 
during  the  trials.  Those  who  will  consult  Pangbom's  book  on 
the  World's  Railways,  or  will  examine  the  collection  of  models 
at  Field's  Museum,  in  Chicago,  will  see  other  engines  in  which 
mechanical  draught  was  tried,  and  which  have  been  discarded  for 
some  reason  or  otiier.  It  does  not  mean,  however,  that  we  cannot 
make  mechanical  draught  succeed  now.  There  maybe  some  other 
reason.  The  locomotive  as  it  stands  is  reduced  to  its  simplest 
terms,  which  is  necessary  on  account  of  the  hard  service  it  mast 
endure,  and  it  stands  really  as  a  monument  to  the  persevering 
ingenuity  of  the  men  in  railway  service. 

There  is  a  suggestion  which  I  would  like  to  make,  which  may 
be  discounted  as  much  as  you  please,  because  we  recognize  that 
there  are  practical  difficulties  of  construction  in  the  way.  Those 
who  have  consulted  D,  K.  Clark's  book  on  the  steam-engine  will 
perhaps  recall  experiments  made  on  a  locomotive  boiler  in 
regard  to  the  effectiveness  of  different  parts  of  the  boiler  in  pro- 
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ducing  steam.  It  was  found,  for  instance,  that  the  first  foot  of 
the  tubes  was  perhaps  more  efifective  in  delivering  steam  than 
all  the  rest  of  the  tubes.  Now,  the  suggestion  which  I  would 
like  to  make  grows  out  of  this  chiefly.  Why  not  substitute  in 
place  of,  perhaps,  three-quarters  the  length  of  the  ordinary 
locomotive  boiler  tube,  the  tapered  tubes  of  the  Gkilloway 
boiler  and  its  larger  combustion  chamber,  and  simply  put  in 
three  or  four  feet  of  tubes,  small  in  diameter,  as  they  usudUy  are 
at  the  front  end  of  the  box  ?  Now,  this  would  produce  a  good 
circulation  in  that  part  of  the  boiler,  perhaps  much  better  than 
it  is.  It  would  increase  the  surface  from  which  steam  is 
liberated,  and  it  would,  I  think,  increase  the  efficiency  of  the 
boiler  as  a  whole,  due  to  the  combustion  being  more  perfect  on 
account  of  the  larger  combustion  chamber. 

Mr.  Wm,  O,  Webber. — Mr.  President,  I  think  the  last  speaker  has 
touched  upon  the  keynote  of  the  greatest  possible  chance  for 
improvement  in  locomotive  boilers.  This  discussion,  as  I  under- 
stand it,  is  on  locomotive  boilers,  and  not  on  locomotives.  The 
question  I  have  in  mind  particularly  is  the  value  of  the  different 
parts  of  the  boiler  in  making  steam,  and  his  remarks  are  very 
true,  that,  in  the  first  place,  the  fines  are  the  most  effective 
evaporative  part  of  the  boiler,  and  especially  the  front  end  of 
the  fines.  I  think  that  Mr.  Strong  demonstrated  that  very 
thoroughly  by  his  combustion  chamber  in  his  boiler,  and  there 
have  been  other  boilers  similarly  designed ;  there  was  one 
designed  by  C.  M.  Higginson  of  the  C.  B.  and  Q.  Boad,  which  also 
had  a  combustion  chamber  near  the  fire  box.  It  might  not  be 
uninteresting  to  simply  mention  a  test  that  Beuben  Wells,  of  the 
Louisville  and  Nashville  Boad,  and  myself  made  some  years  ago 
to  see  what  effect  the  size  of  the  fire  box  had  on  the  evaporation 
in  a  boiler  outside  of  the  larger  area  of  grate,  which,  of  course, 
was  a  benefit.  It  did  not  seem  to  have  any.  In  fact,  we  took  a 
boiler  and  bricked  up  the  fire  box  inside  with  fire  brick  all 
around,  of  course  excepting  the  entrance  to  the  fines,  and  of 
course  we  could  not  cover  the  crown  sheet.  But  we  bricked  up 
the  ends  of  the  fire  box  as  high  as  the  fines  and  fire  door,  and 
the  sides  of  the  fire  box  as  high  as  the  crown  sheet,  and  got  just 
about  the  same  evaporation  out  of  the  boiler  as  with  the  naked 
fire  box.  That  also  brings  in  the  question  which  I  have  always 
thought  of,  and  it  was  partly  suggested  by  what  Mr.  Kent  said 
again.     I  think  if  we  could  use  the  pyrometer  as  he  demands,  in 
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the  fire  box  of  the  locomotiye,  we  should  find  out  that  the  water 
space  surrounding  the  fire  box  and  surrounding  the  fire  directly 
aboTe  the  grate  keeps  the  temperature  of  combustion  in  the  fire 
box  down  to  a  much  lower  point  than  would  be  considered  good 
practice  in  any  other  form  of  boiler. 

In  reference  to  the  remarks  of  my  friend  on  the  lef t,  I  think 
the  most  radical  change  that  will  be  made  in  locomotives  in  the 
future  will  be  a  Parsons  steam  turbine  locomotive,  triple  ex- 
pansion« 

Mr.  Albert  A.  Cary. — I  would  like  to  ask  Professor  Goss  whether 
he  considers  that  the  results  obtained  in  a  laboratory  test, 
such  as  given  here,  approximate  closely  to  a  result  which  would 
be  obtained  under  the  actual  running  conditions  of  the  locomo- 
tive on  the  road  ?  When  a  locomotive  is  running  on  a  roadbed 
more  or  less  level,  there  is  a  constant  shaking  motion.  We  have 
been  told  by  some  who  pretend  to  be  authorities  that  this  con- 
stant shaking  of  the  boiler  makes  vertical  sides  of  the  fire  box 
more  ejBGicient,  on  account  of  jarring  off  from  these  surfaces  the 
steam  bubbles,  which  seem  to  adhere  to  them  tenaciously  I 
do  not  think  there  is  very  much  in  this  claim ;  but  as  it  has  been 
made  so  frequently  I  would  like  to  have  Professor  Gk)ss's  opin- 
ion on  this  subject.  Besides  this,  in  the  course  of  regular  run- 
ning, the  locomotive  is  going  up  grade  and  down  grade,  so  that 
the  crown  sheet  is  more  or  less  uncovered  at  times,  and  also  the 
rapid  movement  through  the  air  would  be  apt  to  increase  the 
condensation  about  the  steam  space  and  cool  the  water  below 
it,  thus  possibly  cutting  down  such  results  as  would  be  obtained 
in  the  laboratory.  It  would  be  interesting  to  know  whether  any 
such  comparisons  have  been  made. 

Prof,  ir.  F.  M.  Goss.'^' — I  greatly  appreciate  the  courteous  at- 
tention which  members  have  given  to  my  paper.  It  has  been 
urged  that  the  value  of  the  tests  is  impaired  by  the  fact  that  they 
"  were  not  made  under  the  same  conditions."  This  rather  broad 
criticism  is  evidently  intended  to  apply  to  furnace  conditions, 
for  it  is  evident  that,  with  variations  in  the  rate  of  power  devel- 
oped, there  were  of  necessity  variations  in  the  rate  of  combus- 
tion, in  the  quality  of  the  steam  generated,  in  the  smoke-box 
temperature,  in  the  evaporative  efficiency,  and,  in  fact,  in  very 
many  of  the  conditions  affecting  the  action  of  the  boiler.    It  has 
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been  implied  that,  under  all  of  these  changes  of  condition,  an 
effort  should  have  been  made  to  control  the  air-supply,  that  the 
action  at  the  grate  would  have  gone  on  without  change.  This,  I 
submit,  is  hardly  possible.  Certainly  such  a  condition  does  not 
exist  in  service.  The  tests  were  not  designed  to  involve  an 
elaborate  study  of  furnace  action  under  constrained  conditions, 
but  to  give  in  simple  terms  a  measure  of  boiler  performance  under 
such  conditions  as  may  be  assumed  to  exist  in  actual  service. 

It  has  been  suggested  that  the  draught  should  vary  as  the 
square  of  the  rate  of  combustion,  whereas  the  tests  show  it  to 
vary  directly  as  the  combustion.  One  reason  for  this  is,  doubt- 
less, that  which  has  been  given  ;  namely,  that  less  air  is  supplied 
per  pound  of  coal  handled  when  the  rate  of  combustion  is  high 
than  when  it  is  low.  I  would,  however,  supplement  this  ex- 
planation by  directing  attention  to  the  fact  that  the  draught  as 
obtained  does  not  represent  the  difference  of  pressure  for  points 
immediately  above  and  below  the  fire.  It  is  the  difference  be- 
tween the  pressure  of  the  smoke-box  and  the  atmosphere.  The 
fire  constitutes  only  a  portion  of  the  resistance  which  is  offered 
to  the  free  passage  of  air.  The  ash-pan  and  the  tubes  offer  re- 
sistance which  is  independent  of  the  condition  of  the  fire. 
These  influences  together  appear  to  so  modify  the  relation  of 
draught  to  rate  of  combustion  that  observations  made  in  the 
manner  described  give  results  which,  as  shown  by  the  paper, 
make  the  draught  practically  proportional  to  the  rate  of  com- 
bustion. 

Doubt  has  been  expressed,  both  in  the  public  discussion  and 
by  members  in  conversation,  concerning  the  reliability  of  the 
results  representing  the  quality  of  the  steam  in  the  boiler.  It 
has  been  suggested  that  the  steam  pipe  presents  a  more  favora- 
ble point  for  the  calorimeter  than  the  dome  of  the  boiler.  In 
defence  of  the  values  given,  I  should  say  that  the  general  sub- 
ject is  one  which  has  been  very  carefully  investigated  at  Pur- 
due. Hundreds  of  calorimeter  determinations  have  been  made. 
The  quality  of  the  steam  throughout  its  course  from  the  dome  to 
the  cylinders  has  received  due  attention,  and  several  publications 
have  been  made  in  which  data  have  been  presented.  In  defence 
of  the  results  given  in  the  present  paper,  I  can  only  say  that 
they  are  consistent  with  facts  previously  determined.  The 
calorimeter  was  attached  to  the  dome  in  the  present  tests  be- 
cause experience  has  shown  it  to  be  altogether  the  most  satis- 
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&ctory  practice,  and  because  the  Society's  Committee,  appointed 
to  recommend  a  Standard  Method  of  Conducting  Locomotive 
Tests,  recommend  that  it  be  so  located  {Proceedings  of  the 
Society,  voL  xiv.,  p.  1322). 

In  1893,  the  results  of  20  tests  of  the  locomotive  at  Purdpe 
were  presented  to  the  Society  (vol.  xiv.,  p.  826).  For  these 
tests  the  quality  of  the  steam  in  the  boiler  was  determined  by 
observations  obtained  from  a  calorimeter  attached  to  one  of  the 
branch  pipes,  at  a  point  half  way  between  the  T-head  and  the 
saddle,  and  by  assuming  adiabatic  expansion  between  the  dome 
and  the  point  of  observation,  as  has  been  suggested  in  this 
discussion.  Values  for  moisture  thus  obtained  range  from  0.72 
to  1.25,  most  of  the  tests  being  at  light  power.  It  was  after- 
wards discovered  that  the  steam  in  passing  the  branch  pipes 
absorbs  some  heat  from  the  smoke-box,  and  that  the  sample 
thus  supplied  the  calorimeter  was  dryer  than  it  would  have 
been  had  the  expansion  been  adiabatic  by  about  0.25  per  cent. 
The  corrected  determination,  therefore,  ranges  from  0.97  to 
1.50  per  cent,  of  moisture.  This  is  in  close  agreement  with  the 
results  now  reported  as  having  been  obtained  from  the  dome 
direct.  Again,  the  results  of  a  rather  elaborate  study  of  the 
transfer  of  heat  within  the  front  end,  as  presented  in  an  article 
entitled,  "  Steam  Pipes  within  Locomotive  Smoke-boxes  as  a 
Means  of  Superheating,"  was  published  in  the  BaUtvay  Review 
for  July  28, 1894.  The  results  of  the  investigation  thus  reported 
show  that  the  temperature  of  superheated  steam  was  increased 
nearly  9  degrees  in  passing  through  the  pipes  in  the  smoke-box, 
also  that  heat  is  lost  rapidly  after  the  steam  enters  the  passages 
of  the  saddle  in  its  closer  approach  to  the  cylinder.  These  re- 
sults should  be  sufficient  to  show  that  the  quality  of  the  steam 
in  the  pipe  after  the  latter  enters  the  smoke-box  is  not  constant, 
and  that  the  quality  of  the  sample  drawn  therefrom  will  depend 
upon  the  location  of  the  point  from  which  it  is  drawn.  It  is  for 
this  reason  that  the  dome  appears  to  be  the  most  satisfactory 
location  for  the  calorimeter. 

The  question  as  to  whether  the  conditions  of  the  laboratory 
are  comparable  with  those  of  the  road  has  been  many  times 
asked  and  answered.  For  all  practicable  purposes  they  are  com- 
parable. Every  detail  of  the  locomotive  on  a  testing  plant,  ex- 
cept the  truck  wheels,  is  made  to  work  just  as  it  would  if  it  were 
on  the  track.     The  vibration  of  the  machine  as  a  whole,  while 
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less  severe  than  on  the  road,  is  nevertheless  considerable.  The 
angular  forces  transmitted  by  the  connecting  rods  cause  the 
engine  to  rock,  and  the  roll  of  the  wheels  gives  a  tremor  to  the 
whole  machine.  The  radiation  of  heat  from  a  locomotive  on 
the  testing  plant  is,  however,  less  than  upon  the  road.  The 
radiation  from  an  engine  running  at  50  miles  an  hour  has  been 
shown  to  be  about  double  that  of  an  engine  at  rest  (see  "  Test 
of  Boiler  Coverings,"  Proceedings  of  the  Western  Bailway  Clubf 
1898-99,  p.  168).  But  the  advantage  enjoyed  by  a  locomotive 
in  a  testing  plant  on  this  account  is  slight,  the  entire  radiation 
loss  for  an  engine  on  the  road  at  a  speed  of  28  miles  an  hour 
being  but  about  2  per  cent,  of  the  heat  handled  by  the  boiler. 

It  has  been  asked,  also,  to  what  extent  the  general  conclusions 
of  the  tests  are  applicable  to  locomotives  in  general.  In  reply 
I  should  say  that  values  presented  in  the  paper  may  be  used 
as  a  basis  from  which  to  predict  the  performance  of  other  loco- 
motive boilers,  provided  the  comparisons  are  made  to  involve 
the  same  extent  of  heating  surface.  For  example,  the  results 
show  (tests  6  and  7)  that  when  the  boiler  is  operated  under  con- 
ditions which  permit  it  to  evaporate  7  pounds  of  water  per  square 
foot  of  heating  surface  an  hour,  that  8  pounds  of  water  are  evap- 
orated per  pound  of  coal.  It  is  probable  that  any  locomotive  of 
ordinary  dimensions  will,  when  worked  at  a  rate  of  power  which 
will  result  in  the  evaporation  of  7  pounds  of  water  per  square 
foot  of  heating  surface,  give  a  similar  evaporation  per  ponnd  of 
coal ;  the  quality  of  the  coal  being  the  same  in  both  cases.  In  a 
similar  manner,  the  maximum  power  which  can  be  delivered  by 
any  boiler,  or  the  quality  of  steam,  or  the  smoke-box  tempera- 
ture of  any  boiler  may  be  predicted  from  the  data  given,  pro- 
vided it  is  understood  that  values  in  both  cases  represent  condi- 
tions for  which  the  same  amount  of  water  is  evaporated  per 
square  foot  of  heating  surface  per  hour. 

I  should  doubtless  have  avoided  a  portion  of  the  criticism 
that  has  been  oflfered  by  giving  greater  emphasis  to  the  fact  that 
the  results  presented  were  obtained  in  the  course  of  a  study  of 
various  problems  aflfecting  locomotive  performance.  The  effort 
has  been  centred  in  questions  such  as  the  effect  upon  locomo- 
tive performance  of  changes  in  speed,  or  of  cut-off,  or  of  valve 
setting.  The  boiler  work,  therefore,  has  constituted  one  factor 
only  in  the  general  problem,  and  oftentimes  a  factor  of  second- 
ary importance.     Notwithstanding  this  fact,  I  have  believed  that 
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the  lesultB  obtained  from  the  boiler  as  here  givQu,  arrauged  in 
order  to  form  ft  single  series,  present  mauy  facts  of  interest  to 
the  stadent  of  locomotive  design.  If  the  daU  are  less  complete 
than  could  be  desired,  it  should  be  remembered  that  reliable 
information  concerning  the  performance  of  locomotive  boilers 
under  conditions  of  service  is  not  abundant,  and  that  rather 
wild  guessing  is  not  infrequently  indulged  in  concerning  even 
the  very  elementary  relationships  which  the  paper  seeks  to  define. 
It  is  but  just  to  add  that  none  of  the  tests  described  was  un- 
dertaken wholly  for  the  purpose  of  securing  scientific  data. 
Their  purpose  was  to  supply  an  opportunity  for  the  instruction 
of  students  in  locomotive  testing.  It  woul  I  be  well  if  the  loco- 
motive were  loaded  down  with  all  the  different  instruments  which 
have  been  referred  to  as  desirable  ;  but  the  instruments  are  not 
there,  the  money  is  not  available  to  buy  them.  It  takes  time, 
also,  even  after  instruments  are  secured,  to  get  them  into  success- 
ful use.  I  may  say,  in  way  of  illustration,  that  we  have  had  for 
several  years  a  Le  Chatelier  pyrometer.  It  was  on  the  engine 
when  the  tests  here  reported  were  made.  It  is  now  giving  good 
results,  and  we  are  satisfied  with  it ;  but  I  want  to  say  that  if  any- 
one thinks  the  mere  possession  of  such  a  piece  of  apparatus  in- 
sures an  end  to  all  his  trouble,  he  is  greatly  mistaken.  Solid 
weeks  of  time  have  been  required  to  set  up  and  to  calibrate  this 
pyrometer,  and  whenestabli-ihed  in  the  front  end  of  a  locomotive, 
its  maintenance  still  requires  frequent  attention.  A  few  more 
pieces  of  apparatus  of  this  sort  attached  to  a  locomotive,  valuable 
as  this  one  has  proved  to  be,  would  absorb  the  entire  energy  of 
a  good-sized  laboratory.  Again,  it  should  be  remembered  that 
a  college  laboratory  is  held  up  to  strict  performance  of  its  routine 
work.  Research  is  or  ought  to  be  dear  to  the  hearts  of  all  the 
members  of  its  staff,  but  research  is  not  first.  Attention  must 
first  be  given  to  students,  the  most  of  whom  demand  instruction 
and  practice  in  elementary  operations.  The  procedure  at  Pur- 
due is  Boch  that  when,  in  the  round  of  their  problems,  the  stu- 
dents come  to  the  locomotive  laboratory,  the  locomotive  has  to 
ran.  It  is  not  allowed  to  wait  for  the  last  piece  of  apparatus 
■which  may  still  be  in  its  box.  I  do  not  mention  these  matters 
to  excuse  imp^rfeotiouti  which  members  may  see  iu  my  work, 
or  to  shield  myself  from  just  criticism  ;  bat  that  members  may 
understand  how  it  is  that  a  laboratory  may  possess  many  ©x- 
pensiTe  things,  even  a  locomotive,  and  may  still  be  unable  to 
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bring  a  comparatively  inexpensive  piece  of  apparatus  into  action 
at  any  particular  time.  The  best  for  which  the  laboratory  man 
can  hope  is  to  see  progress  in  his  work,  to  be  able  each  year  to 
improve  his  practice  a  little,  and  extend  the  scope  of  his  work 
enough  to  stimulate  the  interest  of  his  associates.  I  am  glad 
to  say  for  Purdue,  that  while  we  are  not  up  to  the  high  stand- 
ard which  Mr.  Kent  has  set  for  us,  and  to  which  I  hope  we 
may  attain,  we  are  now  doing  better  work  with  our  locomotive 
testing  plant  than  we  were  when  the  tests  here  reported  were 
run.  With  reference  to  the  courteous  expression  of  regret  that 
three  years  should  have  been  allowed  to  elapse  between  the 
tests  and  the  publication  of  results,  I  may  say  that  the  explan- 
ations already  made  will  suggest  the  only  defence  which  I  am 
able  to  present. 


PAPERS 


MILWAUKEE    MEETING 

(XLIIId) 
MAT  280.  TO  iiAY  31,.,  looi. 


No.  8S6. 

PROCEEDINGS 

OF    THE 

MILWAUKEE    MEETING 

(XLIIId) 

OF  THB 

AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS. 

May  28th  to  31st,   1901. 


LOCAL  COMMITTEE. 


Warren  S.  Johnson,  Chairman,                  Frank  Eempsmith, 

Irving  H.  Reynolds,  Bruno  V.  Nordberg, 

Geo.  M.  Conway,  G.  J.  Patitz, 

M.  A.  Beck.  J.  F.  Max  Patitz, 

Geo.  p.  Dravo,  Edgar  Piercy, 

E.  P.  WoRDEN,  Edwin  Reynolds, 

Edw.  T.  Adams,  Jno.  A.  Beciitel, 

W.  G.  Starkweather,  Secretary,  Howard  C.  Slater, 

Chas.  p.  Bossert,  Harry  E.  Smith, 

W.  P.  Caine,  James  Tribe, 

Wm.  E.  Dodds,  J.  8.  Unger, 

Jno.  C.  Finney,  Henry  Weickel. 

Pursuant  to  a  policy  which  has  been  before  the  Council  of  this 
Society  in  its  deliberations  as  to  the  choice  of  a  convention  city, 
such  choice  fell  upon  the  city  of  Milwaukee,  Wisconsin,  for  the 
Spring  Meeting  of  1901.  It  has  always  been  regarded  as  desir- 
able when  possible,  that  the  meeting  of  the  spring  of  each  year 
should  fall  west  of  the  Allegheny  Mountains,  so  long  as  under  the 
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provisions  of  the  Constitution  the  annual  meeting  in  December  is 
fixeil  for  the  citv  of  New  York.  The  members  resident  in  Mil- 
waukee  and  its  business  interests  made  common  cause  in  urging 
u|X)n  the  Council  the  selection  of  their  city,  and  pursuant  to  this 
pressure  the  arrangement  was  completed. 

The  hotel  headquarters  and  the  auditorium  for  the  reading  of 
pai)ers  were  located  in  the  Plankinton  House,  Grand  Avenue 
and  West  "Water  Street.  The  headquarters  was  particularly 
comfortable  and  convenient,  bv  reason  of  its  size  and  its  location 
on  the  parlor  floor.  The  auditorium  was  in  a  species  of  rotunda 
in  a  wing,  splendidly  lighted  and  airy.  The  opening  session  was 
set  for  the  evening  of  Tuesday,  May  2Sth,  and  at  half-past  eight 
the  meeting  was  calleil  to  order  by  Prof.  Warren  S.  Johnson, 
chairman  of  the  Local  Committee  of  Arrangements,  who  in  a  few 
sentences  welcomed  the  Society  to  Milwaukee,  and  turned  the 
business  of  the  meeting  over  to  President  S.  T.  Wellman,  who 
occupied  the  chair  during  all  the  sessions. 

The  President,  in  brief  reply,  expressed  the  pleasure  of  the 
Society  and  their  anticipations  for  a  successful  and  profitable 
meeting.  Professional  papers  were  then  taken  up.  The  two 
papers  for  this  session  were  by  Messrs.  W.  S.  Aid  rich  and  John 
Eiddell,  entitleil,  "Requirements  of  Electricity  in  Manufacturing 
Work,"  and  '•  Portable  versus  Stationarv  Machine  Tools."  In  the 
discussion  which  followed,  and  which  covered  the  contentions 
advanced  by  both  pai>ei's,  Messrs.  Ilenshaw.  Benjamin,  Riggs, 
Jackson,  Widdicombe,  Comly,  Knox,  F.  G.  Bolles,  Low,  Reist, 
Johnson,  and  Wellman  took  part. 

After  announcements  bv  the  Secretarv  a  recess  was  taken,  and 
the  members  and  their  ladies  became  the  guests  of  the  Local  Com- 
mittee and  their  ladies  for  an  informal  social  reunion  in  the  hotel 
dining-room  and  parlors.  The  entertainment  for  the  gentlemen 
took  the  form  of  a  smoker.  It  was  a  noticeable  peculiarity  of  the 
meeting,  -which  manifeste<l  itself  at  this  time,  that  a  large  propor- 
tion of  those  in  attendance  were  graduates  of  one  or  another  of 
various  institutions  devoted  to  technical  eilucation. 

Second  Session.     Wednesday  Morning,  May  29th. 

President  Wellman  called  the  second  session  to  order  for  the 
transaction  of  business  at  ten  o'cl(x?k,  in  the  assembly  hall. 

The  registration  in  Society  headquarters,  which  has   worked 
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SO  satisfactorily  in  the  previous  meetings,  was  again  carried -out, 
whereby  each  line  of  the  oiBcial  signature  book  was  numbered, 
and  each  convention  badge  bore  the  same  number  as  the  member's 
signature. 

Reprints  from  the  register  were  issued  every  day  during  the 
session,  so  that  the  members  were  kept  posted  as  rapidly  as  pos- 
sible concerning  the  arrivals  and  registrations  at  headquarters. 
The  following  members  were  in  attendance,  but  the  list  does  not 
include  a  large  number  of  residents  of  the  city,  who,  by  invitation 
of  the  local  committee,  were  made  the  guests  of  the  Society  for  its 
convention  during  the  stay  in  Milwaukee.  A  gratifying  delega- 
tion of  ladies  was  also  present. 


Abbott,  W.  L. 
Adnms,  Edw.  T. 
Aldrieh,  Win.  S. 
BbcoD.  Jdo.  I.. 
Baldwin.  Slepheo  W. 
Barnes,  W.  F. 
Bechlcl,  Jdo.  A. 
Beck,  M.   A. 
Beleley,  O^y. 
BisBell.  a.  W. 
Bogardus,  W.  B. 
Bole,  \Vm,  A. 
Bossert,  Cbna,  P. 
Bowen,  H.  S. 
Bowman,  F.  M. 
Bracks oridge,  L.  P. 
Brill,  Geo,  M. 
Brooks,  Morgan. 
Brran,  Win.  U. 
Bull.  Slorm. 
Caine.  W.  P. 
Capen,  Thos.  W. 
Carpenter,  A.  IT. 
Chamberlain.  P.  M. 
Colahan,  Chas, 
Cole,  J.  Wenddli. 
Colvin.  F.  H. 
Coraly,  Geo.  N. 
Conway,  Oeo,  M. 
CaHingwonli,  G.  R. 
Daria,  Chas.  E. 
DePny,  V.  E. 
Dingee.  W.  W. 
Dodds,  Win.  E. 
Dravo,  Geo.  P. 


Edwards.  V.  B. 
Fellows.  E.  B. 
Finney.  Jdo,  C, 
Fitch,' J,  W. 
Fordyce,  J.  R. 
FoBl«r,  E.  H. 
Freeman,  S.  E. 
Gabriel,  Wra.  A. 
George,  J.  R, 
Golden,  M.  J. 
Goss,  W.  P.  M, 
Uagar.  Edw.  M. 
Band.  S.  Ashton. 
Heald,  Geo.  W. 
Henning,  0.  C. 
Ilensiiaw.  F.  V. 
Hirshheimer,  B.  J. 
Hobart,  F.  O. 
Hobert.  S.  G. 
Horstman,  H.  J. 
Iloaglitoo,  C.  E. 
Hugo,  T.  W. 
Hunt,  C.  W. 
Ilnnt,  Hobt,  W. 
Hunt,  W.  F. 
nation,  F.  H. 
JacitBon,  D,  C. 

jocoiiH.  w.  a 

jHcobns,  D.  S. 
Johnson.  C,  A. 

JollDSOO,  J.   B. 

Johnson.  Warren  S- 
Jones,  C,  R. 
Keller,  E.  E. 
Kempsiniih,  Frank, 


Kerr,  C.  V. 
Eimber,  Geo.  A. 
King,  Chai,  Q,  Y. 
Eqox,  S.  L,  a. 
Lodd,  Geo.  T. 
Lane,  Harry  M. 
Lane,  Francis  W. 
Lange.  Philip  A, 
Larkin,  F.  4. 
Lewis,  D,  J..  Jr. 
Longwell.  B.  E. 
Love,  Wm.  H. 
Low,  F.  H, 
LynuiQ,  James. 
McClelland,  E.  S, 
McParland.  W.  M, 
Mack,  Joo.  G.  D. 
Jladdockfl,  W.  H. 
Malvern,  L.  E. 
Mansfield,  A.  E. 
MelcUer,  Chas.  W. 
Meyer.  Henry  C,  Jf, 
Miller,  Fred  J. 
Miller,  R.  S. 
Monroe,  W.  S, 
HontKomery,  H.  M. 
Moore,  E.  L. 
Morgan,  Paul  B. 
Neff,  Elmer  H. 
NIstle.  0.  W. 
^'u^dl>erg,  B.  V. 
Otis,  Spencer. 
Parks,  E.  H. 
Patitz,  G.  J. 
Patiti,  J.  F.  Max. 
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Paul,  J.  W. 
Piercy,  Edgar. 
Pilton,  Wm. 
Pitkin,  J.  H. 
Pitkin.  S.  H. 
Plantinga,  P. 
Prosser,  Jos.  G. 
Keed,  Wm.  E. 
Reist,  H.  G. 
Reynolds,  Edwin. 
Reynolds,  Irving  H. 
Rice,  Arthur  L. 
Riddell,  Jno. 
Richter,  A.  W. 
Ritchie,  Wm. 
Rites,  F.  M. 
Robertson, C.  H. 


Root,  O.  J. 
Royse,  Daniel. 
Salmon,  F.  W. 
Sawyer,  Harry. 
Scheffler,  Fred  A. 
Sederholm,  E.  T. 
Slater,  Howard  C. 
Smith,  Harry  £. 
Smith,  Howard  W. 
Smith,  Sidney  L. 
Sorge,  A.,  Jr. 
Stan  wood,  J.  B. 
Starkweather,  W.  G. 
Stevens,  R.  C. 
Swasey,  Ambrose. 
Sweet,  Jno.  E. 
Sweeney,  Jno.  M. 


Thompson,  E.  P. 
Torrance,  Kenneth. 
Tribe,  James. 
Unger,  J.  S. 
Van  Zandt,  Paul  C. 
Weickel,  Henry. 
AVeil,  Chas.  L. 
Wellman,  Saml.  T. 
Wheeler,  Seth 
Whittemore.  D.  J. 
Widdicombe,  R.  A. 
WUey,  Wm.  H. 
Williston.  A.  L. 
Wjnther,  C.  A.  G. 
Wood,  E.  E. 
Worden,  E.  P. 
York,  Robt. 


The  first  order  of  business  for  the  convention  was  the  reading 
of  the  report  of  the  Tellers  appointed  by  the  Council  to  report 
upon  the  election  of  members.  This  report  was  presented  by  the 
Secretary,  as  follows  : 


REPORT  OF  TELLERS  OF  ELECTION. 

The  undersigned  were  apjwinted  a  Committee  of  the  Council 
to  act  jis  tellers,  under  Article  14:  of  the  Rules,  to  scrutinize  and 
count  the  ballots  cast  for  and  agjiinst  the  candidates  proposed  for 
membership  in  their  several  grades  in  the  American  Society  of 
Mechanical  Engineers,  and  seeking  election  before  the  XLIIId 
meeting,  Milwaukee,  Wis.,  1901. 

They  have  met  upon  the  designated  day  in  the  house  of  the 
Society,  and  have  proceeiled  to  the  discharge  of  their  duty.  They 
would  certify,  for  formal  insertion  in  the  records  of  the  Society,  to 
the  election  of  the  following  persons,  whose  names  appear  on 
the  appended  list,  in  their  several  grades. 

There  were  521  votes  cast  on  the  yellow  ballot,  closing  May 
22,  1901,  of  which  10  were  thrown  out  because  of  informalities. 
The  tellers  have  considered  a  ballot  as  informal  ^vhich  was  not 
indorsed  with  an  autographic  signature,  or  where  the  indorse- 
ment was  made  by  a  facsimile  or  other  stamp. 

Jesse  M.  Smith, 

Arthur  M.  Wait,     ,    ^  ,,        x  ipt   ^' 
«  rn  Y  lellers  of  Jiiection. 

bTEVENSOX    1 AYLOR, 

D.  S.  Ja(?obu8, 


AlMan<ier. 

ArnoliJ.  W.  8. 
AEhton,  A.  V. 
Bement,  Allmrto. 
Bpd»od,  Orville. 
Bland,  J.  P. 
Bollpr.  A.  P.,  Jr. 
Brown,  Carletou  E, 
Bur;.  Edmund. 
Coghlan,  Jolin  P. 
Corjell,  E.  M- 
Darby.  John  H. 
Dnerner.  H.  L.,  Jr. 
PairBeld.  H.  P. 
Fuller,  AHpq  J. 
Gainps.  F.  F. 
OibbB.  E.  U. 
Hagman.  \Vm.  J. 
Hamner,  Oiax.  S. 
IlajwcKid.  D.  H. 
Hniuphrey,  G.  S. 


AtwBter,  CM. 
Sauer,  CLas.  L. 
filankensbip.  K.  M. 
Boasen.  C,  V. 
Collea,  Geo.  W. 


Johnston,  Arcliibalil. 
.loneff,  John  \V.  S. 
Kcillioltz,  P.  O. 
Kent,  II.  R. 
Kent,  R.)l>t.  S. 

Longwf-ll,  n,  E. 
Loud.  Ilenrj-  S. 
Ljnian,  D,  E. 
McCarty.  11,  J. 
Mcintosh.  J.  E. 
Mclisaghlln.  Jaa. 
McKissick,  A.  F. 
Man.  O.  II. 
Messer,  E.  H. 
Miggptt,  Wm.  L. 
Mitchell.  Wm.  C. 
Mole,  Harvey  E, 
M..R,e,   E.  F. 

Promotion  to  Fui.i.  Mi 
Collli>3.  B.  R.  T. 
Curtis.  Ralph  E. 
Ely,  Suiiiupr  B. 
Eiy.  Wm.  a.,  Jr. 
Jones,  Clement  B. 


Pre-coll,  F.  M. 
Raymond,  Ward. 
Reeve,  S,  A. 
lleilly,  Wm   J. 
Riddel  1,  A.  II. 
Ruflbatph.  A. 
Rust.  E.  (}, 
Sarffpnt.  Fredk, 
Saverj-,  T.  il. 
Scrivenor,  Anhur. 
Stu>gess,  John. 
Tufta,  Leonard. 
Vickpss.  Samuel. 
WslliB,  Jas.  T. 
Waters,  Oeo.  H, 
Weick,  Chas.  Wm. 
WetaMire.  Chan.  P. 
Wheeler,  C.  H, 
Wildin,  Geo.  W. 
^^'ood,  August  119. 


I 


Knoi.  8.  L.  G, 
Parker,  A.  W. 
Rearick,  C.  B 
Rieharda,  Chas,  Kuss. 
Scbnuck,  E.  F. 


Dyer,  Frank  L, 
Lek,  A.  C. 
Martin  10,  P. 


As  Associates, 
<on,  F.  H. 


Itobbina,  P.  A. 
Sharpe,  H.  D. 
Warren,  Walter  B. 


Ball,  Fredk.  O. 
BoutoD.  Oeo.  I. 
Childs,  Geo.  VV. 
Cobnm,  Richard. 
Cox,  Sterling  B, 
Crabb,  Chaa.  L. 
Davis,  Herbert  R, 
Derbold.  Charles  B. 
Fiti,  Ervin  M. 
Foi,  Royal  E. 
George,  Jas.  Z. 


As  Juniors. 
Gillet.  L.  A. 
Grinishaw.  F.  G. 
Guckel,  Cbas.  H. 
HBckslalT,  J.  D, 
Hnrrinon,  S,  H. 
Hawkins,  E.  M. 
Julstedl.  C.  J. 
Keely,  II.  R. 
Kinil)er,  Geo.  A. 
Krebs,  Aujfust  S. 
Kruesi,  A.  H. 


Leighlon,  Bobt.  E. 
Llbbey,  Joa.  H. 
Lillie,  O.  W. 
I.oelscher.   Emil  C. 
Lovejoy,  Frank  W. 
MicGregor.  W.  F. 
Marshall,  Wm.  C. 
Mason,  Wm.  H. 
Mayslllea,  J,  H, 
Moody,  H,  A, 
Morrison,  H.  S, 
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Naughten,  James.  Roper,  D'Arey  W.  Van  Tine,  Hany  A. 

Newell,  li.  E.  Rose,  Wm.  11.  Weinberg,  S.  G. 

Nixon.  Ja».  O.  Savers,  Wm.  W.  Wehiier.  Lewis. 

Ode,  Randolph  T.  St.  Clair.  Jas.  T.  Williams.  Clias.  H. 

Osljoum,  M.  P.  Stroud,  Edwin  O.  Yalden,  Jas.  E.  O. 

owKtan,  ("lias.  W.,  Jr.  Terrell.  Carj'  D.  York,  Robert. 

Hand.  Jasper  R.  Thomson.  John  S.  Young,  George  H. 

Richardson.  Geo.  P.  Upson.  M.  M. 

The  Secretary  thereupon  made  a  report  announcing  to  the 
members  the  apjwintment  of  Mr.  Arthur  L.  Rice,  Junior  Member 
of  the  Society,  as  an  assistant  in  the  Secretary's  office.  It  was 
the  purpose  of  the  Council,  in  making  this  appointment,  to  in- 
crease the  efficiency  of  the  Society  to  its  membership  in  general, 
and  particularly  to  relieye  the  Secretary  of  the  Society  from  at- 
tention to  routine  so  that  his  seryices  could  be  made  more  avail- 
able in  other  and  broader  directions,  which  it  had  seemed  to  them 
it  would  be  of  benefit  to  the  Society  to  follow. 

Mr.  liice  is  a  graduate  of  Worcester  Polytechnic  Institute,  and 
after  a  postgraduate  course  at  Cornell  Uniyersity  he  had  devoted 
himself  to  teaching  at  Pratt  Institute.  lie  was  to  begin  his 
seryice  to  the  Society  at  this  meetin*^  jn  advance  of  the  closure 
of  his  relations  to  Pratt  Institute,  and  the  Secretary  requested  for 
his  new  representatiye  the  siime  courteous  consideration  and 
affection  which  had  lx?en  extended  to  himself. 

The  Secretary  then  read  the  following  report  of  the  reunions 
which  had  been  held  in  the  city  of  Xew  York  during  the  past 
winter,  under  the  auspices  of  the  Committee  of  Junior  Members. 

Tlie  Committee  on  Junior  Meetings  respectfully  presents  to  the 
Council  of  the  American  Society  of  Mechanical  Enmneers  the 
following  I'eport  of  the  work  which  has  been  done  during  the 
past  winter: 

Kive  meetings  haye  been  held,  and  papers  presented. 

Xovember — John  C.  AVait  on  "  The  Laws  of  Construction  Con- 
ti'acts.''  Attendance,  about  seventy-fiye.  Ten  requests  for  papers 
were  receiyed  from  New  Jersey,  Connecticut,  !Xova  Scotia, 
Massachusetts,  Ontario,  Illinois,  New  York,  Colorado,  and  Wis- 
consin. 

January— Cornelius  Vanderbilt  on  "Locomotiye  Fire  Boxes." 
Attendance,  loom  oyercrowded.  Two  requests  for  papers  were 
receiyed  from  Ontario  and  Michigan. 

February — John  C.  AVait,  ''Laws  of  Construction  Contracts" 
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(second  paper).  Attendance,  about  fifty  (night  very  rainy).  The 
requests  for  papers  were  about  the  same  as  for  the  first  paper. 

March — F.  O.  Ball  on  ''Drafting  Boom  and  Shop  Ee<5ords." 
Attendance,  about  eighty.  Two  requests  for  papers  from  Colorado 
and  Ohio  were  received. 

April — Ernest  H.  Foster  on  "  Superheated  Steam."  Attend- 
ance, about  sixty-five.  Three  requests  for  papers  from  Penn- 
sylvania and  New  York. 

Of  these  papers  the  Publication  Committee  of  the  Society  will 
print  those  by  Messrs.  Vanderbilt,  Ball,  and  Foster  in  the  Trans' 
actions.  Messrs.  Vanderbilt  and  Ball  were  Juniors.  As  Mr. 
Wait  is  not  a  member  of  the  Society  his  papers  were  ineligible 
for  a  place  in  the  Transactions, 

The  statement  of  the  expense  of  conducting  the  meetings  for 
the  past  winter  is  as  follows,  the  detailed  account  being  appended : 

Printing $80  00 

Postage 82  79 

Lighting  and  current 10  75 

Other  expenses  at  meetings 6  60 

Teleg^ms,  etc 5  00 

(85  04 
Stenographer's  reports  of  meetings 128  50 

Total $218  54 

"With  regard  to  holding  similar  monthly  meetings  in  the  future, 
it  is  the  opinion  of  this  committee  tiiat  it  can  only  be  done  success- 
fully by  a  differently  constituted  body.  Where  each  member  of 
the  committee  is  liable  at  any  time  to  business  calls  demanding 
his  first  attention,  the  result  must  be  an  early  demoralization  of 
the  committee  and  of  its  work. 

Strictly  Junior  Meetings  are  neither  approved  by  the  body  of 
the  Juniors  nor  by  the  present  committee,  as  is  shown  by  the 
report  of  the  meeting  of  May  2,  1900,  on  file  in  the  Society's 
library. 

In  view  therefore  of  the  difficulties  in  the  way  of  conducting 
successful  meetings  under  the  present  scheme,  difficulties  which 
are  inherent,  and  which  must  sooner  or  later  result  in  failure, 
and  believing  that  such  failure  would  be  harmful  to  the  best 
interests  of  the  Society,  our  committee  unanimously  voted  to 
tender  its  resignation. 

Respectfully, 

(Signed)  Francis  E.  Frothinoham,  Secretary. 


514  PROCEEDINGS  OF  THR 

The  Secretary  stateii  at  the  conclusion  of  the  reading  of  this 
rej)ort  that  th<5  resignation  of  the  committee  had  been  accepted, 
and  that  the  Executive  Committee  of  the  Council  had  it  under 
consideration  to  rei)ort  a  plan  for  continuing  reunions  in  the 
Society  house  in  Xew  York  City  under  the  auspices  of  the  Secre- 
tin y's  office  instead  of  through  a  committee  of  Junior  Members. 
Due  announcement  of  the  decision  of  the  committee  would  be 
made  to  the  members  by  circular  letter  when  the  committee  bad 
act  04 1. 

Tender  new  business,  ^[r.  11.  G.  Keist  of  Schenectady  presented, 
on  behalf  of  his  associates,  the  following  communication.  He 
submitted  it  with  earnest  urging  that  the  matter  of  a  meeting  of 
the  Society  at  Saratoga  in  the  near  future  should  be  favorably 
considered. 


To  THE  Council  of  the  AMEiircAN  Society  of  Mechanical  Engineers  : 

We,  the  undersigned  members  of  the  Society  living  in  the 
vicinity  of  Saratoga,  Schenectady,  Troy,  and  Albany,  do  hereby 
])etition  the  Council  to  select  Saratoga  for  the  place  of  the  spring 
meeting  for  1002. 

We  would  respectfully  call  attention  to  the  following  reasons 
which,  to  our  minds,  make  this  ])oint  an  ideal  one  for  the  purpose: 

Firsi — Sarato<ra  is  verv  centrallv  located  with  reference  to  the 
Xew  p]ngland  and  the  Middle  States,  having  accommodations  by 
several  lines  of  railroads  from  the  West,  South,  East,  and  by  one 
from  the  Xorth. 

Stconff — Saratoga  has  lai'ge  hotel  accommodations,  which  at 
this  seaswn  of  the  year  are  unoccupied.  It  may  be  necessary  to 
hold  the  meeting  the  lii^st  or  second  week  in  June,  as  before  this 
time  the  hotels  will  not  be  open. 

Third — The  large  and  varied  manufacturing  interests  in  the 
locality  which  may  be  ins)>ecte<l  by  membere.  Among  these  are 
the  lumber,  pulp,  and  paper  mills  on  the  Hudson,  the  power 
transmission  plants  at  Spier's  Falls  and  ]\rechanicsville,  the  loco- 
motive works  and  general  electric  works  at  Schenectady,  the 
various  iron  works  and  collar  and  cuff  industries  at  Troy,  and  the 
Tnitod  States  Arsenal  at  Watervlict  with  the  Army  gun  factory. 

Fourfh — It  is  a  convenient  centre  for  making  pleasure  excur- 
sions to  points  of  historical  and  scenic  interest,  among  which  may 
be  mentioned  Lakes  George  and  Saratoga,  the  Hudson  Eiver  at 
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various  points,  and  the  mineral  springs  at  Saratoga,  which  are 
always  of  interest. 

^//iA—No  meeting  of  the  Society  lias  ever  been  held  in  this 
aection. 

Sixth — The  master  mechanics  and  master  car-builders  hare 
found  Saratoga  so  convenient  that  they  have  made  it  the  per- 
manent meeting  place  for  their  organ iKations. 


Signed : 


JOKK  RlDDELL, 
A.  L.  HOHRKR, 
U.    G.    RKI8T, 

J.   E.  Saqub, 

L.    R.    POMKROT, 

F.  J.  Cole, 
Chaolbs  H.  Apps. 
E.  M.  Hewctt, 
Fredbiiick  Maceintosii, 
S.  L.  Bribwolo  Knos. 

C.    M.    SPALDINO, 

W.  B.  Potter. 

W.  A.  Peabsos, 
William  Q.  Elt,  Jr., 

J.    M.    B.    SCilEKLE, 


John  R.  Slack, 
Frederics  B.  Corbt, 
C  AX  per  Morteksem. 
a,  j.  pcksin. 
Olin  H.  Landbeth, 
Sktu  Wbkelkh, 
Frank  Q.  Brown.  Jr., 
Jahbs  a.  Bcrden, 
James  H,  BLEeeiNn. 
Oileb  Beach, 

Alfkkd  CnKlsTIANaBN, 

Albert  E.  Cluktt. 
J.  F.  W.  Harris, 
Jakes  T.  McELitur. 
Palubk  C.  Kickrtts. 


The  President  in  reply  said  that  the  matter  would  receive  care- 
ful consideration  at  the  hands  of  the  Council,  which  was  not 
ready  to  announce  any  decision  at  so  early  a  stage. 

Professional  papers  were  then  taken  up. 

The  Reports  of  Committees  were  deferred  until  a  following 
session,  at  which  the  reporter  of  each  committee  hoped  to  be  present 
with  tiie  completed  document.  The  papei's  were  as  follows : 
"The  Practical  Application  of  Superheateil  Steam,"  by  Geo.  A. 
Hutchinson ;  "  Superheated  Steam,"  by  E.  H.  Foster ;  "  Drafting 
lioom  and  Shop  Systems,"  by  F.  O.  Ball;  "Blue-printing  by 
Electric  Light,"  by  H.  G.  Reist  ;  "  Rules  for  Drawing  Office,"  by 
A.  W.  Robinson  ;  and  the  participants  in  discussion  were  Messrs. 
Foster,  Goss.  Bull,  King,  Comly,  Bole,  Weil,  Ilenshaw,  Christie, 
Knox,  Bancroft,  Griifin,  Smith,  Neff,  Blood,  Capen,  Hunt,  Well- 
man,  and  Sawyer. 

After  announcements  concerning  the  excursions  a  recess  was 
iaken. 


The  afternoon  of  this  day  was  devoted  to  excarsions  to  the 
manufacturing  interests  of  Milwaukee.    The  party  was  divided 
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along  the  lines  of  its  individual  preferences,  so  as  to  provide  for 
visits  to  the  E.  P.  Allis  Company's  works,  the  Filer  &  Stowell 
Manufacturing  Company,  the  Nordberg  Manufacturing  Compan3% 
and  the  Christensen  Engineering  Company. 

S|)ecial  cai-s  of  tlie  electric  system  of  Milwaukee  were  chartered 
and  put  at  the  service  of  the  visitors,  who  made  use  of  them  under 
a  well-ordered  time  table.  During  the  morning  and  afternoon  of 
this  day  the  Ladies'  Committee  entertained  their  guests  by  a  drive 
and  a  visit  to  the  Public  Museum  and  Library  Building.  In  the 
evening  the  membei's  and  their  ladies  were  the  guests  of  the  Local 
Committee  at  a  i-eception  and  conversazione  at  the  Deutscher  Club 
on  Grand  Avenue.  The  officei^  of  the  Societv  and  the  chairman 
of  the  Local  Committee  received  the  guests  on  their  entry  into 
the  large  reception-i'oom,  and  later  in  the  evening  a  banquet  was 
served  in  the  dining-hall  of  the  clul).  The  club  stands  in  attrac- 
tive <j:rounds,  which  were  illuminated  during:  the  eveninfr. 

Thikd  Session.     Thuksdav  Mokxing,  iLvv  30th. 

The  first  business  was  the  presentation  of  the  preliminary  report 
of  the  Society's  cominitloe  appointed  to  codify  and  standardize 
the  methods  of  making  engine  tests.  It  was  the  purjwse  of  the 
Committee  to  pi'esent  this  paper  for  discussion  on  its  technical 
side  to  the  membership,  so  as  to  elicit  their  comments  and  criti- 
cisms. On  the  basis  of  such  criticism  the  final  report  would  be 
made  at  the  annual  meetinir,  and  the  usual  action  of  the  Society 
would  be  requested.  ^ressi*s.  Christie*,  Hall,  Ilibbard,  Thurston, 
Sederholin,  and  JIu<;o  took  part  in  the  discussion,  an<l  Mr.  C.  W. 
Hunt  presented  the  following  resolution,  which  was  duly  seconded 
an<l  adopted  : 

llisoh'i'fl.  That  the  Council  Ix^  re<int'sted  to  consider,  and  if  tbey  consider 
advi*fal»l(*,  t*.)  ]>rint  suitable  blanks  ari"an«r»-'*l  for  c.)nv«nit»nt  practical  use  in  test- 
ing and  tiliniT,  for  a  permanent  record,  of  the  "  complete  form  "  an<l  the  "  short 
form  *' of  making  engine  tests,  recorameniled  by  the  Committee.  These  blanks 
to  be  furnished  to  members  at  a  price  covering  their  cost. 

The  text  of  the  report  appeal's  as  an  appendix  to  this  pamphlet 
of  Proceedings,  and  is  numbered  8S7. 

The  papers  of  the  morning  were  then  presented  in  their  order: 
"  Influence  of  Titanium  on  the  Properties  of  Cast  Iron  and  Steel," 
by  A.  J.  Bossi ;  "  A  Few  Instruments  of  Precision  at  the  Paris 
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Exposition  of  1900,"  by  Wm.  E.  Ileed;  "Bevel-Gear  Cutting 
Machines  at  Paris,"  by  Fred  J.  Miller ;  "  The  Locomotive  Exhibits 
at  the  Paris  Exposition  of  19O0,"  l.j  Storm  Bull;  "New  Con- 
necling-Kotl  End,'"  by  C.  W.  Hunt;  and  "  Method  of  FiliDg  and 
Indexing  Engineering  Literature.  Xot«s,  Data,  etc.,  etc.,"  by  Geo. 
IL  Marr;  the  discussion  being  offered  by  Messrs.  Swaaey,  Goss, 
Peed,  Freeman,  Christie,  Smith,  and  Breckenridge. 

In  connection  with  hia  paper,  Mr.  Rossi  presented  an  exhibit  of 
illustrative  specimens. 

In  the  afternoon  tlie  Society  were  again  the  guests  of  its  Local 
Committee  for  a  ride  by  trolley  cai-s  to  the  attractive  surround- 
ings of  "Waukesha.  Carriages  were  awaiting  the  party  at  the 
terminus  of  the  road,  and  after  a  visit  to  two  or  three  of  the 
springs,  for  which  the  locality  is  famous,  and  a  drive  through  its 
principal  streets,  the  party  returned  to  the  cars  and  were  conveyed 
home. 

In  the  evening  a  reunion  of  the  members  and  guests  was  held 
in  the  dining  hall  of  the  hotel. 

Fourth  Session.     Fkid.w  Mokmng.  May  31st. 

The  following  pa|)er:i  were  taken  up:  "  A  Filtration  Plant  at 
Albany,  Xew  York,"  ami  "  Tests  of  an  Hydraulic  Air  Compressor,'' 
fay  Wm.  O.  Webber;  "The  Bardwell  Votometer,"  by  Messrs. 
A.  F.  Bai"dwell  and  James  Hamilton;  "Some  Experiments  on 
Ball  Step- Bearings."  by  C.  11.  Benjamin;  "Determination  of 
Fly-wheels  to  Keep  the  Angular  Variation  of  an  Engine  within  a 
Fixed  Limit,"  by  J.  I.  Astrom;  and  "A  Special  Form  of  Boring 
and  Facing  Machine,"'  by  W.  S.  Pusset.  The  participants  in  de- 
bate were  Messi-s.  Adams,  Thurston,  Hugo,  Henning,  Bull, 
Sweet,  Gray,  Hunt,  Abbott,  Chamberlain,  Kerr,  Jackson,  Peist, 
and  Mansfield. 

During  this  session  the  ladies  were  again  the  guests  of  the 
hostesses  of  Milwaukee  for  a  visit  to  the  Layton  Art  Gallery. 
Small  parties  were  also  escorted  in  steam  automobile  carriages 
through  the  attractive  parts  of  the  city  and  parks.  In  the  after- 
noon carriages  provided  by  the  Local  Committee  conveyed  the 
party  to  the  Mechanical  Massage  Department  of  the  Sacred  Heart 
Sanitarium,  where  a  most  complete  exhibit  of  the  Zander  ma- 
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chines  for  Swedish  massage  were  exhibited,  and  much  amuse- 
ment was  caused  by  certain  of  the  younger  members  who  par- 
ticipated actively  in  the  illustration  of  their  completeness.  The 
hydropathic  and  other  departments  of  the  sanitarium  were  also 
visited  and  admired.  Leaving  here,  the  drive  took  the  visitors 
through  the  Soldiers'  Home  Park  and  other  attractive  park  dis- 
tricts of  the  citv,  and  so  back  to  the  hotel. 

Fifth  Sessiox.     Friday  Evening,  May  SIst. 

In  the  evening,  at  8:30,  the  Society  convened  for  its  closing 
session.     The  following  papers  were  presented  : 

"Efficiencv  Tests  of  a  One-IIundred-and-Twentv-five  Horse- 
Power  Gas  Engine,"  by  C.  H.  Robertson ;  "  A  Method  of  Pre- 
paring and  Baling  Cotton  in  Kound  Bales  of  Uniform  Lap,"  by 
John  R.  Fordyce ;  **  Protection  of  Ferric  Structures,"  by  M.  P. 
AVood ;  and  "  An  Improved  Type  of  Ingot- Heating  Furnace,"  by 
Y,  H.  Daniels;  and  in  their  discussion  Messrs.  Scheffler,  Jackson, 
Comly,  and  Wellman  took  part. 

At  the  close  of  the  professional  session  the  President,  under 
Article  31  of  the  Kules,  announced  the  appointment,  as  required 
by  the  constitution,  of  the  following  persons,  to  serve  as  a  com- 
mittee to  nominate  officers  for  the  Society  for  the  ensuing  year: 

Messr;*.  Robt.  W.  Hunt,  Cliicago,  111. 

Walter  C.  Kerr,  New  York  Citv. 
Fred  H.  Daniels,  Worcester,  Mass. 
Harris  Tabor,  Elizabeth,  X.  J. 
C.  II.  Benjamin,  Cleveland,  Ohio. 

The  Secretary,  under  the  requirements  of  Article  45  of  the 
Rules,  gave  notice  in  writing,  by  direction  of  the  Council,  of  a 
proposed  amendment  to  Article  IS.  The  proposed  amendment 
was  as  follows : 

Whtrea*,  A  resolution  has  been  presented  in  the  Council  by  one  of  its  mem- 
l)ers,  looking  to  the  advisability  of  an  increase  in  the  rate  of  the  annual  dues  In 
the  Society,  and  whereas  the  Council  has  given  favorable  consideration  to  this 
proposition. 

Notice  is  hereby  given  of  an  amendment  to  be  taken  up  and  considered  At 
the  annual  meeting  to  amend  Article  18  as  follows  : 

The  initiation  fee  of  a  member  or  associate  shall  be  $!&5,  and  the  annual  dnes 
shall  be  $25,  payable  in  advance.  The  initiation  fee  of  a  junior  shall  be  $1S,  and 
his  annual  dues  %\^^  payable  in  advance.    A  junior  being  promoted  to  any  other 
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grade  of  membership  shall  pay  an  additional  initiation  fee  of  f  10.  Any  member 
or  associate  may  become  a  life  member  in  the  same  grade  by  the  payment  of 
(850  at  one  time,  and  shall  not  be  liable  thereafter  to  annual  dues. 

The  Secretary,  on  behalf  of  the  meeting  and  a  committee  for 
this  purpose,  presented  the  following  series  of  resolutions,  which 
were  passed  unanimously : 

The  American  Society  of  Mechanical  Engineers,  at  the  closing  session  of  its 
forty. third  meeting  at  Milwaukee,  Wis.,  desires  to  put  on  record  its  sincere 
thanks  and  recognition  for  the  courtesies  which  the  Society  has  enjoyed  daring 
its  stay  in  Milwaukee. 

There  seems  to  be  no  other  mode  than  the  accepted  form  of  resolutions, 
whereby  a  deliberative  body  such  as  this  can  express  its  intentions  and  desires. 
Thn  committee  appointed  for  this  purpose  would  therefore  ask  that  the  meeting 
will  consider  and  accept  the  following  resolutions : 

Retohed,  That  the  Society  records  at  this  meeting  the  sense  of  obligation 
which  is  imposed  upon  it  by  the  unremitting  and  wisely  directed  efforts  of 
the  Ijocal  Committee  of  Arrangements,  in  whose  hands  must  necessarily  fall  the 
details  of  the  programme  of  its  meetings.  Tlie  Society  therefore  requests  that 
the  Local  Committee  will  feel  assured  by  this  action  of  the  keen  and  sincere 
thanks  of  the  members  of  the  Society  for  the  efforts  of  that  committee  and  for 
their  conspicuous  success.  The  success  is  due  not  only  to  the  wise  planning  in 
advance  of  the  meeting,  but  the  efficient  organization  and  administration  of  its 
members  during  the  various  excursions.  Administrators  and  executors  them- 
selves in  many  cases,  they  are  most  recognizant  of  these  elements  of  success  in 
those  in  whose  hands  they  hare  been  during  the  successful  Milwaukee  meeting. 

Rudned^  That  in  so  far  as  a  group  of  simple  men  may  venture  to  muke 
themselves  the  mouthpiece  for  the  ladies  who  have  accompanied  the  visitors  to 
MUwaukee,  the  Society  would  express  to  the  Ladies*  Committee  their  keen  appre- 
ciation of  all  the  efforts  which  the  Ladies*  Committee  has  put  forth,  beginning 
with  the  very  first  day  of  the  meeting  and  lasting  through  until  its  very  end  on 
Friday.  The  ladies  would  appreciate  not  only  the  provisions  themselves,  but  the 
kindly  and  self-sacrificing  way  in  which  these  entertainments  have  been  carried 
out  by  their  hostesses. 

Resolved,  That  the  thanks  of  the  American  Society  of  Mechanical  Engineers 
are  due  and  are  hereby  expressed  to  those  manufacturers  and  other  business 
interests  of  the  city  of  Milwaukee,  to  whose  courtesy  are  due  the  privileges  which 
have  been  granted,  of  the  enjoyable  visits  during  the  meeting.  And  they  would 
express  their  sympathy  to  those  who  have  been  compelled  by  the  exigencies  of 
the  time  to  take  a  position  in  which  their  hearts  wore  not  enlisted,  and  hope  that 
a  speedy  solution  of  all  difficulties  may  soon  be  reached.  It  is  Impossible  by  a 
single  resolution  to  reach  every  one  of  their  hosts  in  detail,  but  the  meeting 
directs  and  requests  that  the  Secretary  of  the  Society  will  transmit  copies  of  this 
resolution  to  firms  and  corporations  who  have  placed  the  Society  under  a  debt  of 
obligation. 

The  convention  thereupon  adjourned,  to  be  reconvened  for  its 
regular  annual  meeting  in  the  city  of  New  York  during  the  week 
foUowino:  Thanksofivint]:. 
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APPEyDIX  TO    THE  PROiEEDIXGS, 

REPORT    OF    COMMITTEE     OX    STANDARDIZATION 

OF  ENGINES  AND  DYXAMOS. 

1.  The  Committee  on  Standardization  of  Engines  and  Dynamos 
has  nearly  completeil  its  labors,  and  is  prepared  to  submit  a  second 
tentative  report,  which,  however,  it  believes  is  in  such  shape  that 
very  little  cliange  will  be  required  when  the  final  report  is  made. 

Since  the  report  of  a  year  ago  at  Cincinnati,  the  committee  has 
held  two  formal  meetings  and  conducted  a  very  large  correspon- 
dence. At  the  conclusion  of  its  last  meeting,  in  April  of  this  year, 
a  circular  letter  was  sent  out  to  the  buildei's  of  engines  and  gen- 
erators containing  the  recommendations  of  the  committee  upon 
the  various  features  which  required  standardization.  It  is  a  great 
pleasure  to  be  able  to  rejwrt  to  the  Society  that  the  replies  which 
have  been  received  are  almost  without  exception  commendatory, 
and  express  a  willingness  to  conform  to  the  recommendations. 
The  exceptions  were  of  such  a  nature  that  it  was  practical  to  meet 
them  without  change.  The  refwrt  which  we  submit  below  in- 
cludes the  changes  nijide  to  meet  these  exceptions,  so  that  we  are 
justified  in  saying  that  this  report  meets  the  views  and  practice  of 
practically  all  of  the  engine  and  generator  builders  of  the  country. 

It  gives  us  pleasure  to  state  that  the  Engine  Bulldere'  Associa- 
tion of  the  United  States,  at  a  recent  meeting,  after  examining  our 
report,  passe<l  a  resolution  heartily  approving  the  I'ecommenda- 
tions,  and  promising  cordial  cooperation  in  securing  the  carrying 
out  of  this  scheme  for  standardiziition. 

2.  The  report  which  we  submit  below  covei's  all  the  features  to 
be  standardized,  with  the  exception  of  proportions  of  keys,  and 
shrinkage  allowance  for  armature  fits.  These  we  ex{)ect  to  con- 
sider at  once,  and  hojxj  at  the  December  meeting  to  make  a  final 
report.  We  now  submit  recommendations  upon  the  following 
points  which  needed  standardiziition,  most  of  which  are  shown  in 
the  accompanying  table : 
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1.  The  standard  sizes  of  anits  recommended. 

2.  The  corresponding  revolutions  per  minute  for  these  units, 

3.  The  sizes  of  shafts  for  the  two  classes  of  centre-crank    and  side-crank 

engines. 

4.  The  length  along  the  shaft  required  for  the  generator. 

5.  The  height  of  axis  of  shaft  over  top  of  sub-base. 

6.  The  width  of  top  of  sub-base. 

7.  Armature  fit. 

8.  Overload  capacity  of  generators. 

9.  Brash-holders. 

10.  Holding-down  bolts,  keys,  and  outboard  bearings. 

Size  of  Units. 

3.  As  stated  in  our  tentative  report  of  last  year  to  the  Society, 
we  have  endeavored  to  reduce  the  number  of  standard  units  to  the 
fewest  sizes.  This  will  commend  itself  to  all  manufacturers  as 
tending  to  reduce  the  great  number  of  patterns  required  to  be 
kept  on  hand.  We  have  learned  from  letters  received  from  manu- 
facturers that  the  250-kilowatts  unit,  which  we  included  in  our 
list  of  standard  sizes,  is  regarded  as  rather  large,  and  conforming 
to  what  wo  believe  to  be  a  general  desire  we  have  taken  this  size 
out  of  our  list,  leaving  the  200-kilowatts  unit  the  largest  to  be 
standardized. 

Kevolutions. 

4.  These  standard  speeds  have  been  chosen  after  very  careful 
deliberation  and  investigation  of  the  practice  of  all  the  engine  and 
generator  builders  in  the  country.  It  will  be  observed  that  we 
have  provided  for  a  permissible  variation  of  speed  of  five  tek  cent. 
above  or  below  the  mean  speed  which  we  recommend,  and  an 
examination  of  the  practice  of  all  the  engine  and  generator 
builders  shows  that  this  covers  practically  all  tiie  machines  which 
may  be  considered  as  of  standard  make  at  the  present  time,  and 
we  have  been  assured  by  some  builders  whose  conditions  differed 
somewhat,  that  if  there  is  a  general  agreement  upon  the  scheme 
outlined  they  will  be  prepared  to  make  their  machinery  to  con- 
form to  the  recommendations. 

Shaft  Diameters. 

6.  These  are  also  the  result  of  careful  analysis  of  the  existing 
practice  of  all  manufacturers,  and  a  consideration  of  all  the  condi- 
34 
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tions  aflfecting  the  diameter  of  the  shaft.  The  preliminary  report 
which  we  sent  out  to  the  manufacturers  has  elicited  only  a  few 
adverse  criticisms,  and  these  after  corresjx)ndence  were  withdrawn. 

Lkxgtii  of  Generator  along  the  Shaft. 

f).  When  we  came  to  investigate  the  question  of  length  along  the 
shaft  (between  limit  lines)  to  be  provided  for  the  generators,  we 
found  that  the  practice  of  manufacturers  required  provision  for 
two  classes,  which  may  be  called  "  long "  and  **  short "  genera- 
tors. 

It  would,  of  course,  have  been  much  better  if  we  could  have 
provided  for  but  a  single  class,  with  a  small  allowance  for  varia- 
tion, but  there  is  such  a  marked  difference  in  the  lengths  for  the 
same  power  that  we  have  deemed  it  best  to  make  provision  for 
these  two  classes,  so  that  the  engine  builders  can  govern  them- 
selves accordinfflv.  It  will  be  noticed  that  the  maximum  differ- 
ence  in  lengths  between  the  two  classes  is  six  inches,  which  in  the 
small  sizes  is  reduced  to  five  inches. 

In  the  case  where  an  engine  is  to  be  provided  for  a  generator 
which  falls  into  the  "long"  class,  but  which  is  only  a  little  over 
the  limit  for  the  "short"  class,  or  one  which  is  considerably  less 
than  the  maximum  of  the  "  short"  class,  the  excess  clearance  is  to 
be  provided  for  on  the  side  next  to  the  engine ;  that  is  to  say,  the 
side  awav  from  the  commutator. 

AV"e  have  carefully  considered  the  fact  that  for  these  varying 
lengths  of  generator  and  shaft  the  engine  builder  has  to  provide 
different  lengths  of  sub-base,  and  in  order  to  reiluce  the  expense 
of  patterns  here  to  a  minimum,  our  idea  is  that  these  patterns 
would  be  made  so  that  the  end  awav  from  the  commutator  can 
be  extende<l  the  necessiirv  amount,  five  or  six  inches,  to  take  care 
of  the  increased  length  of  bed.  Obviously,  this  means  simply  a 
standard  pattern  with  a  standard  adjustable  end  for  each  unit. 

II EIGHT  OF  Shaft. 

7.  As  is  well  known,  there  are  two  classes  of  genemtors  to  be 
provided  for  under  this  head,  those  which  are  s))lit  vertically  and 
those  which  are  split  horizontally.  The  former  have  a  flat  base, 
which  rests  directly  upon  the  fiat  top  of  the  sub- base,  while  the 
latter  have  feet  which  take  the  weight  of  the  generator. 
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In  order  to  arrange  that  the  engine  builders'  patterns  may  be 
reduced  to  a  minimum,  and  still  may  be  stock  patterns  which  will 
fit  every  style  of  machine,  we  have  chosen  dimensions  for  height 
of  axis  of  shaft  above  top  of  sub-base  sufficient  to  allow  for  the 
vertically  split  machines,  and  also  to  clear  the  periphery  of  the 
horizontally  split  machines. 

As  will  be  seen,  the  scheme  provides  for  a  main  pattern,  to 
which  patterns  for  the  stools  and  seatings  for  both  horizontally 
and  vertically  split  generators  can  be  attached  before  the  pattern 
is  sent  to  the  foundry — stools  for  the  horizontally  split  machines 
and  rectangular  seatings  for  the  vertically  split  machines. 

We  believe  that  this  is  one  of  the  most  important  matters  we 
have  considered,  and  we  trust  that  our  solution  of  the  problem 
will  commend  itself  to  the  Society.  Those  engine  builders  with 
whom  we  have  alreadv  conferred  consider  that  the  scheme  is 
entirely  feasible  and  involves  a  decided  minimum  of  expenses. 

AYiDTii  OF  Top  of  Sub-base. 

8.  This  has  been  decideil  by  careful  examination  of  existing 
practice,  and  we  believe  that  the  figures  we  have  recommended 
will  cover  the  necessities  for  all  sizes  of  generators. 

Armature  Fit. 

9.  The  matter  of  armature  fit  has  received  very  careful  consid- 
eration from  the  Committee,  and  our  recommendation  is  for  what 
is  known  as  a  single  fit.  We  were  aware  that  one  of  the  largest 
manufacturers  of  electrical  apparatus  used  two  fits,  and  we  were 
well  acquainted  with  the  excellent  reasons  which  are  given  for  this 
practice.  Very  careful  consideration  of  the  great  object  which  we 
must  alwavs  have  in  view — standardization — has  shown  us  that 
this  can  onlv  be  attained  satisfactorilv  bv  havinor  the  sino^le  fit. 
We  have  now  obtained  an  authoritative  consent  bv  the  firm  usin^: 
the  double  fit  to  use  the  single  fit. 

Overload  Capacity  of  Generators. 

10.  All  of  the  other  features  of  our  recommendation  have  had  to 
do  with  the  question  of  dimensions  as  afl'ected  by  the  mutual  rela- 
tions of  the  generator  and  the  engine.     An  important  question, 
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however,  which  affects  both  the  generator  and  the  engine  is  that 
of  the  overload  capacity  which  can  reasonably  be  expected.  As 
is  doubtless  well  known,  genemtor  builders  are  frequently  called 
upon  to  provide  for  overloads  for  short  periods  of  as  much  as  50 
|>er  cent.,  and  even  in  occasional  cases  of  100  j^er  cent. 

It  is  very  evident,  however,  to  every  engine  builder  that  to  pro- 
vide an  engine  large  enough  to  drive  the  generator  under  such 
extreme  overload  capacities  is  something  beyond  the  reasonable 
capacity  of  the  rated  load  of  the  engine  and  seriously  interferes 
with  the  economy  "with  which  the  power  is  produced. 

Bearing  in  mind  that  our  recommendations  are  entirely  for 
standard  practice,  we  are  led  to  recommend  that  the  standard 
overload  rating  should  not  in  any  case  exceed  25  per  cent,  of  the 
rated  capacity. 

If,  under  |>eculiar  conditions,  a  higher  overload  capacity  is 
demanded,  it  must  be  understood  that  this  is  a  special  case  not 
covered  by  the  standard  machines,  and  provision  must  be  made 
for  meeting  this  demand  accordinc^lv. 

RKUSH-irOLDKKS. 

11.  "W^e  recommend,  what  we  believe  is  now  the  practice  of  the 
best  generator  builders,  that  the  brush-holder  rigging  shall  be  sup- 
jx)rted  from  the  generator  frame.  This,  we  think,  will  commend 
itself  as  making  the  electrical  part  of  the  outfit  entirely  self- 
contained. 

IIOLDING-DOWX    BoLTS,    KeYS,    AM)    OlTBOARD    BeAKIXGS. 

12.  AVe  recommend  that  the  lioldinof-down  bolts,  shaft  kevs  for 
securing  the  generator  hub  to  the  shaft,  and  the  outl>oard  bear- 
ings should  \ye  furnished  by  the  engine  buildei's.  This  is  in  accord 
with  almost  universal  practice  at  the  present  time. 

Our  recommendations  for  these  last  two  headings  do  not  cover 
matters  of  so  great  importance  as  some  others ;  but,  if  adopted, 
they  will  tend  to  settle  certain  points  about  which  there  occa- 
sicmally  has  been  dispute  and  considerable  controversy  and  cor- 
respondence. 

It  is  a  pleasure  to  us,  in  concluding  this  rejx)rt,  to  add  that  we 
have  had  the  cordial  and  hearty  co()peration  of  the  manufacturers 
of  both  engines  and  generators.     They  have  recognized  that  our 
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work  is  for  their  benefit,  and  they  have  sliown  a  most  commend- 
able willingness  to  make  reasonaole  concessions  in  order  to  secure 
the  end  in  vieh'. 

Yours  very  truly, 

The  Committee  on  Standardization  of  Engines 
AND  Dynamos,  of  the  American  Society  op 
Mechanical  Enoinekrs, 

By  J.  B.  Stanwood,  Chairman. 
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DISCUSSION. 

Mr,  F.  W  IIe?i*i/unr, — In  reference  to  the  question  of  over- 
load, I  would  say  that  wliile  the  units  comprised  in  this  report 
are  so  small  that  thev  do  not  enter  largely  into  electric-railway 
])ractice,  yet  the  mnge  is  sufficiently  large  to  cover  150  and  200 
kilowatt  machines  used  in  railway  sernce:  and  as  the  demand 
for  overload  capacity  is  so  much  greater  for  such  service  than  it 
is  in  other  classes  of  work,  I  do  not  think  that  it  would  be  prac- 
ticable to  adopt  25  per  cent,  overload  unless  we  eliminate  rail- 
way service.  In  other  words,  electric  generators  can  be  divided 
into  two  distinct  classes:  one  for  lighting  and  general  i>ower, 
and  one  used  for  railway  work;  in  the  latter  the  requirements 
are  very  much  more  severe,  and  it  is  not  at  all  unusual  to  specify 
1(H)  ])cr  cent,  overload  momentarily,  and  50  or  75  i)er  cent,  for 
anvthin*^  from  half  an  hour  to  three  hours. 

Another  suggestion  which  I  would  like  to  make— although  I  do 
not  know  tliat  it  will  meet  with  approval — is  that  in  small  units 
having  (;ontre-crank  shafts,  couple<l  shafts  be  adopted,  using 
a  short  shaft  with  a  flange  cou])ling  for  the  generator  end,  and 
therein:  avoiding  slii])])ing  a  centre-crank  shaft  around  the  coun- 
try; it  is  vei'v  cuinl)ei'some  when  an  armature  is  attached  to  it, 
and  an  accident  is  liable  to  spring  the  crank.  The  other  method 
is  more  convenitMit^'  and  a  short  shaft  is  easily  put  into  an  arma- 
tui'e  by  the  dynamo  builder  without  risk  of  damaore. 

Jfr.  A.  K.  M'ini<jiilil, — I  would  like  to  suggest  that  it  would 
be  well  to  include  in  th(^  report  some  more  definite  explanation 
as  to  the  live  per  cent,  clause.  That  is,  the  clause  which  |)ermits 
the  generator,  or  the  engine  and  genemtor,  to  be  run  at  five  |>er 
cent,  above  or  ])elow  the  nominal  s])eed  given  in  the  table.  I 
do  not  understand  how  this  is  brought  about.  1  do  not  sup- 
iH)se  it  is  by  any  new  discovery  in  the  art  of  building  electrical 
machinery.  Engine  builders  generally  are  compelled  to  run 
their  engines  at  exactly  the  s]x^ed  demanded  by  the  generator 
builder.  The  clause  a]>peai*s  to  enable  the  engine  builder  to  fix 
the  si)eed  within  limits.  How  is  this  great  convt^nience  brought 
about?  Perhaps  some  of  the  generator  buildei*s  here  present 
can  give  us  inf<.)rmation  on  this  su])ject. 

J//'.  JL  G.  lirlst, — While  I  do  not  know  why  that  clause  is 
])ut  into  these  recommendations,  thei-e  is  one  very  good  reason 
why  it    is   necessary.     That   is,  in  drivin<r  alternatinff-current 
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machines  of  tliflerent  frequencies  it  is  not  always  possible  to 
make  maehines  of  a  given  capacity  which  will  run  at  the  same 
speed. 

Mr.  J.  B.  5feEMW«(J(/.— Pardon  me.  This  report  relates  only 
to  direct  machines.  It  does  not  take  in  alternating-current 
machines  at  all. 

Mr.  Reisi.—\  supi>ose(l  that  alternating  machines  would  be 
included,  being  ojierated  from  the  same  engines.  I  might  simply 
explain  what  I  started  out  to  say,  which  is,  that  for  different  fre- 
quencies, as,  for  instance,  25,  40,  and  fiu  cycles,  it  is  not  always 
jKissible  to  select  for  machines  of  given  capacity  a  number  of 
poles  to  give  the  same  speed. 

Mi:  Jltiwhav.: — In  reference  to  Mr.  Mansfield's  jxjint,  it  is 
desirable  to  have  a  speed  i-ange  for  the  reason  that  voltage  is 
not  standard.  In  one  plant  they  will  operate  at  23lJ  volts,  and 
in  another  at  24(i  and  another  at  250.  Now  the  same  generator 
is  used  in  any  case,  and  the  proper  adjustment  is  to  change  the 
speed  in  direct  proportion  to  the  voltage. 

Mr.  Ma/nitjiehl. — I  would  say  in  reply  that  the  response  which 
the  gentleman  just  made  takes  away  all  the  leeway  which  the 
report  seems  to  give  to  the  engine  builder.  I  thought  that  we 
were  getting  together  a  little  better  than  that. 

Mr.  Il'Hiahtiic. — I  think  the  rule  works  both  ways.  It  simply 
gives  something  to  come  and  go  on.  The  voltage  of  the  gener- 
ator might  be  re<luced  j>  or  10  or  even  more  percent,  without 
changing  the  S])eed ;  but  it  is  better  for  the  generator  to  reduce 
it  in  proportion  to  the  voltage.  If  the  reduction  is,  we  will  say, 
5  per  cent.,  the  dynamo  builder  might  give  2^  and  let  the  engine 
builder  have  tiie  other  2i  jwr  cent. 

Mr.  WiUiuiii  JI.  Bryan. — This  report  is  of  very  great  practi- 
cal value,  not  only  to  manufacturers,  but  also  to  the  consulting 
engineer;  I  would  suggest,  therefore,  that  it  be  printed  and  dis- 
tributed as  early  as  possible  for  immediate  use.  I  would  also 
suggest  that  if  there  are  good  reasons  why  the  report  as  pre- 
sented is  not  applicable  to  alternating-current  machinery,  that  it 
he  taken  up  further  with  a  view  of  making  it  applicable  and  avail- 
able in  that  direction.  Practically  all  the  smaller  central  stations 
are  now  using  alternating  current,  and  all  want  to  use  direct 
connected  machinery. 

Mr.  W.  M.  McFarland. — I  might  explain  that  one  reason  why 
the  report  of  our  coinmittee  was  not  printed  and  distributed,  is 
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because  we  deemed  it  necessary,  after  our  last  meeting  in  Pitts- 
burg, to  prepare  a  circular  letter  which  is  practically  identical 
with  the  reix)rt  which  lias  been  reiid  to-day,  and  which  we  sent 
out  to  all  the  engine  and  generator  builders  with  whom  we  had 
been  in  correspondence.  Our  object  in  this  was  that,  when  we 
made  our  reix>rt  to  the  Society,  we  might  be  able  to  say  that 
our  reccmimcndations  had  been  seen  bv  the  manufacturers  who 
would  have  to  adopt  them  if  they  are  to  have  any  effect,  and 
that  the  report  met  Avitli  their  general  appi'oval.  The  time 
between  our  meeting  and  the  meeting  of  the  Society  here  was 
not  very  long,  and  up  to  our  arrival  in  Milwaukee  we  had  not 
heard  from  one  of  the  most  important  (inns  involved.  We  did 
not,  in  fact,  get  a  reply  from  them  until  we  telegraphed  yester- 
day asking  if  our  recommendations  met  Avith  their  approval. 
AVe  have  since  had  iin  answer  from  tliem  saying  that  they  do 
approve  our  recommendations.  Obviously,  under  the  circum- 
stances, it  was  impossible  to  have  the  rejwrt  in  print.  I  am 
glad  to  say  that  the  replies  we  have  received  from  the  manufac- 
turers are  extremely  encouniging,  ])ecause  all  agree  with  our 
T'ecommendations  except,  in  a  few  cases,  with  res})ect  to  a  few 
details.     We  were  able  to  modify  these  details  so  as  to  meet  the 

« 

views  of  these  manufacturei*s.  The  report  as  just  read  by  Mr. 
St*anwood  is  in  such  shape  that  we  can  safely  say  that  it  meets 
the  approval  of  all  the  manufacturers  involved. 

With  respect  to  the  question  of  overload  limit,  and  the  point 
made  by  ^Er.  Ilenshaw,  I  am  afraid  he  overlooked  one  point  in 
our  report.  Our  recommendation  was  that  standanl  units  should 
bo  ex[)ecte<l  to  give  only  2.")  per  cent,  overload.  If  a  machine  is 
wanted  to  give  a  higher  overload,  as  is  generally  the  case  with 
street  railway  practice,  then  such  machines  would  be  regarded 
as  si)ecial.  As  a  matter  of  fact,  this  question  would  hardly  give 
any  practical  difficulty,  for  the  reason  that  our  rejx)rt  relates 
only  to  units  of  2<m)  kilowatts  and  under,  while  the  tendency  in 
street  railway  ])ractice  is  to  use  units  of  much  larger  capacity. 

This  same  point  of  size  apj)lies  to  the  question  of  alternating 
currents.  While  there  are,  of  course,  a  great  many  alternating- 
current  units  smaller  than  200  kilowatts  in  use,  the  tendency  in 
most  cases,  where  standardiziition  would  be  of  innx>rtance,  is 
towards  much  larger  sizes.  I  may  say,  however,  that  our  com- 
mittee has  dealt  only  with  direct-current  units,  and  that  most  of 
the  concerns  which  have  aided  us  with  their  advice  and  data 
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liiive  stated  practically  that  they  were  only  considering  direct- 
current  units  in  the  standardization.  It  might,  of  course,  bo 
desirable  for  our  committee  later  on  to  take  up  this  (|uestion  of 
alternating-current  units,  but  for  the  present  it  ia  undoubtedly 
better  for  us  to  go  along  on  the  lines  we  have  already  folloM'ed. 

"With  respect  to  the  point  made  by  one  speaker — that  he  ivoiild 
be  glud  to  see  a  provision  that  the  connection  between  centre- 
crank  engines  and  the  generators  driven  by  them  should  be  by 
means  of  a  special  form  of  coupling — I  may  say  that  this  is  a 
di'tati  which  we  have  not  examined  because  the  point  was  never 
brought  to  our  attention  by  any  of  the  manufacturers  of  either 
engines  or  generators  as  one  requiring  siwjcial  standardization. 
"We  have  felt  that  it  was  more  important  to  settle  those  ques- 
tions where  there  was  diversity  of  practice  than  to  attempt  to 
cover  all  |X)ssible  jtoints  where  standardization  might  be  de- 
sirable. 

The  most  important  matter  for  our  committee  was  to  do  some- 
thing to  cure  the  difficulty  now  existing  where  different  makes 
of  engines  and  generators  of  nominally  the  same  capacity  differ 
greatly  as  to  ai>eed,  shaft  diameter,  and  other  like  points.  We 
have  endeavored  to  arrange  matters  so  that  any  engine  of  a 
given  cajjacity  will  match  with  a  standard  generator  of  the  same 
rated  capacity. 

In  this  connection  it  is  proper  to  answer  the  question  rai.ied  by 
another  6])eaker  as  to  how  the  five  per  cent,  allowance  for  sjweil 
variation  will  *vork.  I  may  say,  in  the  first  place,  as  was  ex- 
plained at  the  Cincinnati  meeting  a  year  ago,  that  we  approached 
this  subject  without  any  preconceived  theories  or  attempts  to 
secure  absolutely  ideal  conditions,  "We  went  to  all  the  engine 
and  generator  builders  to  fin<l  what  was  their  existing  ]iractice. 
With  the  data  thus  obtained,  we  plotted  on  cross-section  jiaper 
the  capacities  and  speeds,  and  finally  were  able  to  trace  in  a  curve 
which  was  a  good  general  average.  To  include  all  the  builders, 
however,  it  ivas  necessary  to  allow  a  certain  amount  of  speed 
variation,  and  this  we  were  fortunately  able  to  arrange  owing 
to  the  elasticity  of  the  generators,  which  will  allow  a  variation 
of  live  per  cent,  above  or  five  |ier  cent,  below  the  average  spee<l. 
We  found  that  some  engine  builders  i-un  uniformly  to  low  speeds 
while  others  run  uniformly  to  high  speeds.  We  are  able  to  say, 
however,  that  if  the  engines  do  not  differ  from  the  standard 
speed  more  than  live  per  cent,  above  or  five  yier  cent,  below,  they 
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will  match  up  with  standard  generators  of  the  same  capacity  as 
the  engines. 

We  received  a  letter  yesteniay  from  one  manufacturer  who 
said  that  he  did  not  see  how  a  generator  builder  could  be  ex- 
})ected  to  furnish  a  low-speed  machine  for  the  same  price  as  a 
high-s|)eed  machine.  TVe  consider  this  a  matter  entirely  beyond 
the  purvicAv  of  the  committee,  because  w^e  are  discussing  only 
the  engineering  features  of  the  case  and  not  the  commercial 
aspects.  Questions  of  price  are  something  to  be  settled  by  the 
individual  builders. 

What  we  have  attempted  to  do,  and  what  Ave  believe  we  have 
succeeded  in  doing,  is  to  provide  such  a  state  of  standard  con- 
ditions as  will  enable  any  engine  of  a  given  capacity  to  match 
with  a  generator  of  the  same  capacity,  provided  the  features 
which  we  have  included  in  our  report  are  complied  with. 
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A   NEW  CONNECTINQ-ROD  END.\ 

BY  C.  W.  HUNT,  NEW  TOBK  CITY. 

(Member  of  the  Society.) 

The  adjustable  bearings  in  a  connecting  rod  are  the  most  trou- 
blesome to  fit  up  of  any  used  in  steam  machinery.  The  stresses 
alternate  so  rapidly,  that  any  looseness  in  the  parts  of  the  bear- 
ings is  followed  by  such  violent  shocks  to  the  mechanism 
that  the  most  rigid  construction  is  required  to  prevent  serious 
injury. 

The  method  of  construction,  necessarily  used  from  the  peculiari- 
ties of  the  ordinary  designs,  requires  the  work  to  be  done  on  slot- 
ting, shaping,  or  other  machines  that  must  be  manipulated  by  a 
skilful  workman.  These  machines  are  not  fitted  to  do  rapid  or 
duplicate  work,  nor  is  it  convenient  or  even  possible  in  many  cases 
to  obtain  workmen  having  the  requisite  skill  to  make  a  bearing 
with  the  accuracy  that  the  maker  sets  up  for  his  standard. 

In  an  effort  to  make  a  design  which  will  require  less  minute 
measurements  and  highly  trained  personal  skill,  I  have  arranged 
the  method  of  taking  up  the  wear,  in  a  connecting  rod  or  other 
bearing,  which  is  illustrated  in  the  cuts  herewith  shown.  The 
work  is  done  on  machines  which  with  ordinary  attendance  lend 
themselves  admirably  to  duplicate  work  and  accurate  results. 

The  sides  of  the  rod  are  planed  off,  and  the  ends  turned  or  milled 
to  bring  the  exterior  to  the  finished  shape  shown  in  Fig.  162,  or 
bolted  rigidly  together,  as  in  Fig.  165. 

A  hole  for  the  wedge  B  is  then  drilled  and  reamed  at  an  incli- 
nation with  the  axis  of  the  crank  pin  of  about  one  in  ten.     In 
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this  hole  the  cylindrical  p\ag  B  is  inserted.  It  is  made  an  easy 
sliding  fit.  bat  is  temporarily  held  fast  daring  the  foilowing 
manipulations  by  a  wedge  key.  or  other  means,  while  the  hole  for 
the  crank-pin  boshing  G  is  bored  at  right  angles  to  the  axis  of 
the  r^xl.  I>jth  holes  are  cylindrical,  but  their  angle  to  each 
ot 'r;er  makes  B  a  werlge.  convex  on  the  rod  side  and  concave  on 
the  bearing  side.  The  holding  key  is  now  removed,  and  B  is  free 
to  move  anv  distance  in  the  direction  of  its  axis,  but  if  it  is  moved 

m 

endwise  it  will  throw  the  concave  side  towards  or  from  the  crank 
pin  A.  To  adjust  and  hold  B  in  position  a  screw  Cis  fitted  with 
two  collars  to  embrace  the  ends  of  the  wedge.  This  screw  may 
be  fitt^i  wrench  tight  to  hold  it  securely  in  any  position,  or  it 
may  Ije  held  by  other  means  in  large  bearings. 

To  illustrate  the  delicacy  of  adjustment  we  may  assume  that 
the  axis  of  B  is  at  an  inclination  to  the  crank  pin  of  one  in  ten, 
the  screw  Ccui  with  twentv  threads  to  the  inch,  and  the  head 
slotted  with  five  notches  72  degrees  apart ;  then  the  revolution  of 
the  screw  6' one  notch  will  move  B  one-hundreth  of  an  inch  axiallv 
and  adjust  the  bearing  towards  or  from  the  crank  pin  one-thou- 
sandth of  an  inch. 

The  rigidity,  accuracy,  and  delicacy  of  adjustment  of  this  bear- 
ing are  shown  in  the  marine  form  of  rod,  Fig.  164.  The  bolts  of 
the  cap  are  drawn  up  tight  and  locked,  thus  holding  the  cap  and 
the  ro<l  metal  to  metal,  making  it  in  effect  as  rigid  as  a  solid-end 
Tij(l.  The  adjustment  of  the  (rearing  is  then  made  as  frequently 
and  as  delicately  as  desired.  For  large  marine  engines,  mechan- 
ism for  working  the  adjustment  could  be  carried  to  a  point  near 
the  cross  head,  so  that  the  bearings  of  both  the  crank  pin  and  the 
cross-hea<]  pin  could  l>e  adjuste<l  with  the  greatest  facility  even 
whihi  the  engine  is  in  motion.  The  more  massive  the  rod  the 
greater  are  the  advantages  of  a  rigidity  that  does  not  affect  the 
ease  and  delicacy  of  adjustment. 

The  end  pressure  on  B  from  the  load  is  the  resultant  of  the 
angle  of  inclination  used  less  the  sum  of  the  frictions  on  the  two 
opposite  surfaces  of  the  wedge.  Proportions  can  be  used  that  will 
result  in  a  pnictical  equilibrium  so  far  as  the  end  motion  of  B  is 
concerrnjd. 

Fig.  UJ2  shows  the  application  of  the  adjustment  to  an  ordinaiy 
valve  rod  in  which  the  adjustable  parts  are  placed  in  the  rod  in 
such  a  manner  as  to  have  the  wear  of  the  l)earings  affect  the  centre 
to  centre  length  the  least  possible.     The  variation  is  here  the  dif- 
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ference  in  the  wear  of  the  two  bearings  instead  of  the  sum  of 
their  variations,  as  is  the  case  in  the  usual  arrangement  of  the 
adjustments. 

The  very  rigid  form  of  this  bearing,  together  with  its  delicate 
and  accurate  adjustment,  makes  it  suitable  for  minute  adjustments 
required  in  stamping  presses. 

It  will  be  noticed  that  the  adjustment  of  the  bearing  is  a  paral- 
lel motion  with  large  bearing  areas,  accurate  surfaces,  and  little 
or  no  tendency  to  get  out  of  adjustment,  either  from  long  use  or 
faulty  manipulation.  The  delicacy  of  the  adjustment,  the  me- 
chanical accuracy  of  the  bearing,  and  the  decrease  in  the  cost  of 
manufacture  over  the  ordinary  designs  will  be  evident  to  shop 
men.  The  bushing  is  of  the  best  form  for  securing  accuracy  of 
form  combined  with  economic  manufacture.  The  bushings  can 
be  renewed  at  a  comparatively  small  expense,  when  the  original 
length  of  the  rod  will  be  exactly  restored. 
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PULLEY-PRESS    VALVE. 

BT  FRinCI*  H.    STULKiK.    NIW    TOSK  CITI,    N.  T. 

(Member  of  the  Society,} 

A  Large  Press  Operaiing  Valve. 

The  valve  shown  and  described  in  this  paper  is  believed  to  be 
one  of  the  most  elaborate  ever  used  to  operate  the  motions  of  a 
single  hydraulic  press. 

It  is  evident  that  the  conditions  of  working  which  would  call 
for  SQch  a  valve  as  shown  in  Figa.  166  and  167  must  be  special, 
and  of  a  complicated  nature.  The  conditions  were  that  of  serv- 
ing quickly  a  press"  having  cylinders  working  from  six  diree- 
tioDS,  and  ^^egating  about  2,500  tons. 

The  time  of  a  complete  series  of  motions,  inclttding  the  time 
required  to  put  the  work  in  the  dies  by  hand  and  to  remove  the 
work  from  them,  is  from  j  to  J  of  a  minnte,  if  such  a  speed  is 
desired. 

It  is  to  be  understood  that  in  addition  to  the  press  cylinders 
used  in  doing  work,  there  are  automatically  operated  cylinders 
for  drawing  the  rams  back,  connected  to  the  accumulator  without 
any  intervening  valves. 

The  work  to  which  tliese  presses  are  devoted  is  the  manufac- 
ture of  the  American  Pulley  Company's  all-steel  pulley  rims, 
which  are  put  into  the  jiress  in  half-circles,  which  are  first  gripped 
and  crowned  (if  so  wanted)  by  four  horizontal  cylinders.  Then 
two  vertical  cylinders  working  in  opposite  directions  turn  the 
edges  overdone  at  right  angles,  to  form  the  middle  stiffening 
section  to  which  tlie  arms  are  rivetted ;  the  other  produces  the 
beaded  edge.  These  are  two  of  the  special  features  of  these 
pulleys,  as  shown  by  Fig.  168. 

Elevations  and  sectional  drawings  of  one  of  these  presses,  taken 
from  a  German  nieclianlL-al  paper,  are  shown  as  Fig.  169.    These 
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are  clearer  ihaa  any  dran-ings  of  tlie  press  which  were  made 
by  OS, 

The  motions  of  this  press  when  doing  no  work  must  obrionsty 
be  a  considerable  part  of  the  whole,  while  the  motions  requiring 
the  heavy  pressure  are  very  short.     The  economy  of  c 


under  such  conditions  is  obtained  by  low  and  high  pressure 
accumnlator  service  of  loO  and  1,000  poands  per  square  inch, 
augmented  by  two  intensified  pressures.  These  latter  are 
obtained  by  one  variable  intensifier  working  at  2,000  poands 
and  3,000  pounds  pressure,  as  shown  by  Fig.  170.    The  change  of 
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pressnre  obtainable  by  the  latter  is  secured  by  locking  an  inter- 
mediate ram  either  to  the  high-pressure  ram  or  low-pressure 
cylinder. 

This  press-controlling  valve  is  started  in  motion  and  stopped 
and  returned  to  the  starting  position  by  means  of  auxiliary  valves 
shown  by  Figs.  171  and  172.  One  of  these  valves  is  placed  in 
connection  with  each  side  of  the  main  valve,  which  is  in  nearly 
all  respects  double,  one  side  governing  the  vertical  and  the  other 
the  horizontal  cylinders.  In  service  a  good  operator  can  handle 
both  of  these  starting  valves  at  practically  the  same  time,  as 
actual  working  condition  will  retard  the  vertical  pair  of  cylinders 
enough  for  the  horizontal  ones  to  grip  the  work  before  the 
bending  action  of  the  former  begins. 

These  starting  valves  are,  as  the  cut  shows,  a  disc  valve  having 
large  spherical  metallic  seats.  These  throw  the  low-pressure 
accumulator  service  to  differential  double-acting  low-pressure 
operating  cylinders. 

The  various  valves  and  cylinders  of  the  main  combination  and 
the  sizes  of  pipe  connections  are  as  follows,  as  per  Fig.  167 : 

1.  Double-acting,  low-pressure  cylinder  pipe  connection  (la), 
J  inch. 

2.  Low-pressure  inlet  valve  (2a),  4  inches. 

3.  "  "         release  valve  «3a),  6  inches. 

4.  *'  "         intensifier  cut-out  valve  (4rt),  3i  inches. 

5.  "  "         check  valve. 

6.  High-pressure  inlet  {fi(()y  3.^  inches. 

7.  **  "  ju-tuatinjJC  evlinders,  H  inches. 

8.  **  *'  intonsitier  valvo,  2.V  inches. 

9.  "  "  '*  (uit-out  valve,  2^  inches. 

10.  "  "  throttling  or  cut-out  valve,  ^  inch. 

11.  Press  connection,  .">  inches. 

12.  Pilot  or  auxiliary  valve,  \  inch. 

In  operating,  the  low-pressure  accumulator  service  is  first 
thrown  by  the  auxiliary  valve  to  the  cylinder  No.  1.  The  piston 
of  this  cylinder  is  connc'cted,  as  shown,  by  an  interconnected 
system  of  bell-crank  levers  to  the  various  valve  spindles,  and 
helps  to  control  them.  When  the  piston  of  the  cylinder  is 
pushed  up,  the  valve  spindle  of  />  is  seated  and  that  of  No.  2  is 
raised;  this  admits  the  low-pressure  service  to  the  press  cyl- 
inders. When  tlui  low-pn'ssure  accumulator  service  has  nearly 
equalized   itself,   the    spindle   No.  0   is   lifted  by  the  cylinder 
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No.  7,  which  first  seats  the  low-pressure  spindle  No.  2 ;  the  con- 
nection to  the  cylinder  No.  7  being  through  the  valve  10  and 
pipe  10a  leading  from  the  upper  part  of  the  check  valve  No.  6. 
The  opening  of  the  valve  No.  6  admits  the  1,000  pounds  intensi- 
fier  service  to  the  press,  and  if  the  valve  No.  9  is  opened  and  the 
high-pressure  service  is  maintained  long  enough  to  raise  the 
counterbalancing  weight,  the  high-pressure  intensifier  service 
will  be  opened  to  the  press,  and  this  pressure  will  be  either 
2,000  or  3,000  pounds  to  the  square  inch,  depending  upon  the 
position  of  the  intermediate  ram  of  the  variable  intensifier. 

To  release  the  press,  the  auxiliary  valve  is  thrown  backward^ 
releasing  the  fluid  in  the  lower  end  of  the  cylinder  No.  1, 
which  opens  the  valve  3. 

The  series  of  motions  of  the  valve  can  be  stopped  at  any  time 
by  reversing  the  auxiliary  valve.  Should  the  high-pressure 
intensifier  service  not  be  wanted  because  of  light  work  being 
in  the  press,  it  is  cut  out  entirely  by  placing  the  valve  piston 
of  No.  9  valve  at  an  intermediate  position.  Should  the  work 
not  require  the  1,000  pounds  pressure  to  the  intensifier  service, 
similar  action  with  the  valve  No.  4  will  cut  that  out. 

While  the  valve  as  a  whole  seems  complicated,  a  consideration 
of  the  construction  of  the  single  spindle  valve  shows  that  the 
details  of  the  main  valves  are  simple.  The  spindle  of  the  valve 
is  of  the  same  diameter  at  each  end,  it  being  thus  completely 
balanced,  except  that  part  of  the  seat  which  is  in  direct  metallic 
contact,  and  this  is  counterbalanced  by  the  compression  upon 
the  springs  shown  in  Fig.  167.  Fig.  173  shows  a  section  of  the 
body  of  valve  No.  9. 

The  valve  chambers  of  all  valves  above  2i  inches  are  made  of 
steel  castings.  Fig.  171  shows  the  largest  of  the  three  composing 
the  main  valve  deck,  and  these  are  bushed  with  bronze  at  the 
seats.  The  valve  spindles  are  all  made  of  bronze.  A  feature  of 
the  check  valvt^  is  made  clear  by  Fig.  175.  This  shows  the 
sleeve  and  valve,  which  are  so  arranged  that  the  currents  of 
water  through  the  cage  will  give  a  rotaiy  self-cleaning  motion 
to  the  valve. 

All  of  the  vertical  valves  in  this  combination  are  of  our 
balanced  spindle  type. 
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MACHINE. 


The  first  illustration  accompanying  this  paper  presents  a  tool 
gotten  up  by  the  writer  to  meet  a  special  emergency.  It  is 
really  a  portable  machine,  simply  resting  upon  the  floor  of  the 
shop,  witli  a  slight  excavation  below  for  the  driving-shaft  and 
pulleys.  The  cylinder,  shown  in  Fig.  176  with  the  machine,  and 
one  of  whose  flanges  has  just  been  finished,  ia  13  feet  in  diameter 
and  3i  feet  high,  and  weighs  3^  tons.  The  flange  surface  is 
4i  inches  wide.  The  mil],  with  its  four  cutters,  finished  this  sur- 
face, clearing  away  ^-inch  in  depth,  to  insure  a  good  surface,  in 
slightly  over  two  hours.  An  internal  flange  about  half  way 
down  the  cylinder  is  also  faced  by  blocking  up  the  casting  from 
the  bed-plate  of  the  machine,  instead  of  clamping  it  directly  to 
the  bed-plate,  as  sliown  in  cut. 

The  mill  is  miule  up  of  a  cylinder,  on  which  is  mounted  a 
revolving  plate  holding  four  cutting  heads.  The  upper  edge 
of  the  cylinder,  concealed  from  view  in  cut,  projects  inward  to 
form  a  flange  ;  the  lower  edge  projects  inward  also  to  form  seats 
for  the  brackets  of  the  driving  mechanism,  and  outward  to 
form  a  base  (i>  which  castings  to  he  finished  are  secured. 

Tlie  absolute  iiecessiJy  for  an  extra  machine  to  do  this  class 
of  work,  due  to  the  fact  tliat  our  foundry  had  gotten  ahead  of 
the  macliino  sho[)  in  the  progress  of  manufacture  of  a  lot  of 
this  large  cylinder  work,  was  the  excuse  for  the  conception  of 
this  machine,  when  it  became  known  that  a  mill  which  could  do 
this  work  could  not  possibly  be  obtained  within  several  months. 
Tlie  drawing  for  tlie  machine  was  made,  and  given  to  the 
pattern-maker  on  November  Ifith.  On  December  15th,  twenty- 
five  working   days  after,   the  first  casting  was  placed  on   the 
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macbine,  and  with  only  two  cutters  the  first  flange  was  finished 
in  three  hours.  > 

The  complete  machine  weighs  34,000  pounds,  and  costs  $1,300. 
As  said  above,  it  is  portable,  and  can  be  rolled  into  a  corner  or 
outside  of  the  shop,  if  not  used. 

At  first  glance,  the  range  of  work  seems  limited,  but  the  cut- 
ting heads  shown  on  the  plate  can  be  removed  and  fastened  to 
brackets  properly  fitted  to  the  vertical  cylinder  of  the  machine, 
and  the  castings  to  be  machined  secured  to  the  revolving  plate, 
giving  a  possible  great  variety  of  work.  Again,  a  bridge,  holding 
the  tool,  supported  on  legs  and  secured  to  the  mfiin  frame  at  a 
moderate  expense,  will  make  a  rough  but  very  powerful  tool  for 
large  work. 

Fig.  177  shows  one  of  the  cylinders  which  was  finished  on 
this  mill,  and  its  cover,  loaded  on  a  specially  constructed  car, 
as  the  diameter  of  tlie  castings  would  not  allow  of  their  ti'ans- 
portation  on  an  ordinary  flat  car. 
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A    METHOD    OF  PREPARING   AND   BALING   COTTON 
IN  ROUND  BALES   OF   UNIFORM  LAP.  f 

BY  JOHN   R.   FORDYCE,   LITTLE   ROCK,    AKK. 

(Member  of  the  Society.) 

Although  this  article  on  the  "  Baling  of  Cotton  in  Round  Bales 
of  Uniform  Lap''  is  the  result  of  the  Society's  request  for  in- 
formation and  reports  from  the  members  who  are  engaged  in 
creative  work,  this  process  is  not  so  much  of  a  creation  as  it  is  of 
an  adaptation  of  the  well-known  and  tried  methods  of  handling 
cotton  at  the  mills  to  the  Southern  gin  houses. 

Having  stood  the  test  of  over  a  hundred  years  of  constant  Avork, 
these  mill  methods  and  machines  are,  through  evolution,  almost 
perfect,  and  in  adapting  mill  methods  and  machines  to  gin-house 
work,  I  have  made  only  such  changes  as  different  requirements 
or  less  skilful  handling  seemed  to  require. 

This  machine  and  method  are  the  result  of  six  years  of  study 
and  work,  (hiring  which  time  I  have  built  six  different  machines, 
each  successive  one  an  improvement  over  the  other.  I  have  de- 
signed, watched  the  building,  the  loading  on  cars  at  the  shops, 
and  the  far  more  dilticult  unloading  on  a  country  siding,  with 
only  the  most  primitive  means;  the  erecting,  and  then  the  days 
and  months  of  operating,  under  the  most  difficult  conditions  which 
different  classes  and  conditions  of  cotton  would  bring  about.  I 
have  unrolled  tlie  bales  and  watched  the  effect  on  the  cotton  of 
various  chan^jfcs  which  seemed  necessarv.  I  have  followed  the 
bales  to  the  mills,  and  have  heard  their  condemnation  and  their 
praise,  and  at  first  the  praise  was  not  frequent. 

The  machines  which  tliese  drawings  show  are  the  last  which  I 
have  designed  and  tliey  ai'o  now  being  built.     The  photographs 


*  Prcsrnif'd  al  tlic  Milwaiikeo  iiuM'tiii^  (May,  1901)  of  the  American  Society  of 
Mechanical  En^nnecrs,  and  f()rniin<2f  part  of  Volume  XXII.  of  the  Transactions. 

f  For  other  discussions  on  this  subject,  consult  Transactions  as  follows  : 
Volume  XIX.,  paper  TH."),  yw^rct  812  :  Lowry,  (Jeo.  A.,  "Ginning and  Baling  Cotton 
from  1798  to  1898." 
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show  last  year's  work,  but  they  are  near  enough  like  the  present 
ones  to  be  of  use  in  helping  to  understand  the  present  one. 

A  brief  description  of  the  process  of  handling  cotton  at  the 
mills  will  enable  you  to  undei'stand  the  objects  and  the  need  for 
the  round-bale  niethoil  of  handling  cotton.  The  first  treatment 
of  cotton  is  the  mixing  of  the  different  grjides  to  fonn  a  uniforra 
stock.  Tlie  next  is  beating  out  the  dirt  and  making  the  cotton 
up  into  I'ound  laps.  These  laps  ai'e  taken  to  the  cards,  and  in 
them  the  fibres  are  drawn  out.  straightened,  ari*anged  parallel 
to  one  another,  and  then  formed  into  a  loose  yarn.  After 
that  tlie  yarns  are  combined  anil  subjected  to  further  drawing 
and  twistin^:  together  until  the  thread  is  made. 

The  mixing:  of  tlie  snuare-bale  cotton  is  now  done  bv  hand  bv 
brt»aking  up  the  bales  and  spreading  on(^  grade  over  the  other — 
and  a  long  and  tedious  process  it  is. 

The  mixing  of  cotton  put  up  in  round  bales  is  done  by  ma- 
chines, which  several  of  our  cotton-machinerv  manufactui-ers  ai-e 
now  building.  One  is  shown  in  Fig.  178.  Several  round  bales 
are  mounteil  on  a  moving  belt  an<l  unwound  together.  These 
bats,  <me  above  the  other,  are  beatiMi  together  by  a  rapidly 
revolving  beater,  thus  mixing  them  much  more  thoroughly  than 
can  be  d<jue  by  hanil.  The  mixeil  bat  is  wound  up  into  a  lap, 
and,  if  desired,  two  or  more  of  these  laps  can  be  mixeil,  so  that 
anv  deirree  of  mixintr  can  be  obtained. 

It  is  customary  Avhen  working  up  square-bale  cotton  to  form 
three  round  laps  by  breaking  and  feeding  the  cotton  into  the  first, 
and  then  beating  this  up  an<l  forming  the  second,  and  then  the 
second  into  the  third.     The  third  laj)  go(»s  to  the  cards. 

All  this  beating  and  lapping  is  to  get  out  dirt,  motes,  and  trash, 
and  to  form  laps  which  do  not  vaiy  givatly  in  weight  per  running 
vard. 

The  object  of  the  round-bale  method  is,  iiist.  to  make  cauto- 
matic  or  pei'fect  mixing  possible:  srcoiul,  to  furnish  a  bale  which 
is  put  up,  kei>t,  and  hande<l  over  to  tiie  mills  in  such  a  clean  state 
that  so  much  cU»aning  is  not  ncce^ssary,  thus  avoiding  the  expense, 
waste,  and  damai^e  to  tin*  cotton. 

To  accomplish  thest*  i-esults,  the  bales  must  be  uniform  in  grade, 
the  bats  must  be  as  nearly  uniform  in  weight  as  is  possible  to 
make  them,  and  the*  compression  of  the  bales  nmst  be  such  that 
the  cotton  is  not  knotted  oi'  ciiU* m1  by  over-pres5un\  but  yet  dense 
enough  to  make  it  a  desirabK*  packages  for  transportation. 
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Following  tbe  round  ami  square  bales  back  from  the  mills  to 
the  plantations,  and  contrasting  tliem,  we  find  that  the  round 
bale  arrives  at  the  mill  entirely  protectetl  by  tho  bagging,  with- 
out wires  or  hoops  ;  clearly  marked,  so  that  it  can  be  traced  back 
to  its  origin.  The  tare  is  only  one  instead  of  six  per  cent,  as  in 
the  old  square  bale  with  its  iron  hoo{)s  and  gaping  coarse  bag- 
ging wliich  does  not  protect. 


Tlie  Wiisto  in  din.,  iiii|)erf(;cc  swd.  imd  dainugeil  lint  iunoiuits  to 
live  i>er  c»int.  kioco  in  tins  square  bale.  In  tho  round  bale  all  of  this 
waste  is  left  at  liic  gin  hmisi',  so  that  no  fo-ight  has  been  paid  on 
it,  nor  has  tin;  mil]  paid  fur  il.  The  gnide  df  the  cotton  has  been 
iiiiprovi^i  so  much  liiiit  tin;  invm-r  realizes  more  for  what  he  sell:;. 
The  runnd  bales  are  put  on  a  mi.xer  and  the  resulting  laps  can  go 
ilireclly  to  llie  inlei'tnciliale  lapper.  tlius  sfiving  the  cost  i>f  llio 
automatic  feedi'vand  Invaliinfr  iapper  and  using  only  about  lialf 
of  the  i«)wer  of  tin-  ]iickinL'--room.  increasing  tho  pi-oduction  and 
decreasing  tlie  mill  ivasii'. 
3rt 
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Transporting  and  Warehousiiig. 

Next  in  importance  to  having  a  perfect  bale  for  the  mill,  comes 
that  of  having  a  bale  which  suits  both  the  transportation  lines  and 
storage  companies.  At  present  the  crop  is  about  10,000,000 
bales.  Of  this  65  per  cent,  is  exported,  20  per  cent,  worked  in 
Northern  mills,  and  about  15  per  cent,  worked  in  Southern  mills. 
The  crop  is  gathered  and  baled  in  about  three  months,  while  it 
takes  twelve  months  to  work  it  up. 

The  round  bale  has  a  density  of  35  pounds  per  cubic  foot,  Avhile 
the  square  bale  has  only  25  when  compressed.  Ships,  cars,  and 
warehouses  Avill  hold  about  40  per  cent,  more  round  than  square 
bales  of  cotton. 

The  round  bale  being  better  covered,  and  having  all  air  pressed 
out  of  it,  makes  the  fire  risk  less.  Owing  to  the  method  of  making 
a  square  bale,  the  air  mixed  with  the  fibre  is  pressed  in  thebaic,  so 
if  the  cotton  catches  fire,  the  spark  will  eat  its  way  into  the  bale 
and  burn  for  weeks  undiscovered.  Last  year  the  great  Hoboken 
fire  was  started  by  a  square  bale  of  cotton  bureting  into  flames  on 
the  dock.  Fig.  179  shows  a  fire  tug  trying  to  put  out  the  firc  on 
one  of  the  few  lighters  which  were  saveil.  Every  year  cargoes  of 
square  bales  catch  fire  at  sea,  and  great  damage  results. 

The  above  considerations  have  caused  reduction  on  ocean 
freight  of  25  per  cent,  in  favor  of  round  bales.  The  insurance  in 
transit  and  storage  is  35  per  cent,  less  than  for  square  bales. 

At  the  Gin, 

The  round  bale  is  made  and  pressed  simultaneously.  The  square 
bale  is  made  at  the  country  gin,  and  then  taken  to  a  compress 
point,  and  its  bulk  reduced  by  powerful  presses  Aveighing  about 
300,000  pounds.  The  round-bale  press  weighs  only  about  15,000 
pounds,  and  its  bales  are  denser  than  the  compress  bales  by  about 
10  pounds  per  cubic  foot.  The  secret  of  its  work  is  that  it  ])resses 
the  cotton  in  detail,  forcing  out  the  air  as  it  goes,  and  then  holds 
what  it  gets,  while  the  square  bale  is  crushed  down  all  at  once  by 
the  powerful  ram  of  the  compress.  The  entrap}>ed  air  is  compressed 
but  not  expelled.  The  round-bale  press  requires  more  power  to 
run  it  than  a  square-bale  press  at  the  country  gin,  but  the  cost  of 
the  covering  for  a  round  bale  is  a  great  deal  less  than  the  covering 
for  the  square  bale,  so  that  the  cost  of  a  completed  bale  is  only 
slightly  greater  than  that  of  the  square  bale. 
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The  ginner  who  operates  the  press  becomes-a  -  compressor,  and 
receives  the  rebate  paid  by  the  railroad  companies  for  compressed 
cotton. 

Bales  are  sampled  as  they  are  made ;  the  samples  numbered  to 
correspond  to  the  number  and  name  on  the  bale,  and  guaranteed 
to  represent  the  bale.  A  better  price  can  be  paid  the  grower, 
because  his  bale  contains  more  cotton  and  less  tare. 

By  all  of  these  savings  it  is  estimated  that  about  $4.00  per  500 
pounds,  or  §40,000,000  i>ev  year,  could  be  saved  to  the  South  were 
this  system  used  exclusively. 

The  compress  owner  and  others  interested  in  the  old  square  bale 
are,  of  course,  doing  all  in  their  power  to  retard  the  round-bale 
growth,  but  the  advantages  of  the  round-bale  system  are  real,  and 
in  the  end  must  prevail. 

The  Process. 

The  cotton  fibre  grows  as  a  protection  to  the  seed  of  the  plant. 
It  covers  the  seed,  and  several  locks  of  fibre  and  seed  are  enclosed 
in  a  woody  hull.  When  ripe,  the  hull  splits  open,  and  the  soft 
milky  fibres  are  dried  and  blown  out  by  the  wind.  The  fruit  near 
the  ground  on  the  stalk  ripens  first,  and  that  above  in  succession 
until  the  last  is  killed  by  frost.  For  this  reason,  cotton  cannot  be 
gathered  all  at  once,  but  the  fields  must  be  picked  over  and  over 
again  by  a  discriminating  hand. 

Dirt,  leaves,  hulls,  etc.,  are  picked  along  with  the  fibre  and  seed  ; 
sometimes  the  cotton  is  Avet.  Upon  reaching  the  gins,  it  is  neces- 
sarv  to  (Irv  and  clean  this  seed  cotton,  and  then  tear  the  fibre 
loose  from  the  seed.  This  is  called  ginning,  and  the  gin  machinery, 
with  some  improvements  in  detail,  remains  just  where  Whitney 
left  it  at  the  beginning  of  the  last  century.  In  brief,  a  gin  is  a 
gang  of  circular  saws  10  inches  in  diameter,  mounted  about  f  of 
an  inch  apart  on  a  shaft.  These  saws  revolve  between  ribs  which 
are  set  so  close  that  a  fully  matured  seed  cannot  be  drawn  between 
them.  The  teeth,  shaped  something  like  a  rose  thorn,  drag  oflf  the 
iibres.  A  revolving  bristle  brush  takes  the  fibres  off  of  the  teeth, 
and  makes  air-pressure  enough  to  blow  the  lint  through  a  pipe  to 
the  condenser.  An  average  gin  plant  consists  of  four  gin  stands 
of  YO  saws  each,  feedei's,  flues,  condensers,  and  press,  engine,  and 
boiler. 

The  machinery  described  in  this  paper  begins  at  the  common 
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flae  of  the  gins,  and  continues  through  the  press,  or  final  gia 
operation. 

Fig.  180  is  a  cross  section  through  the  condenser,  iint  receptacle, 
bat  former,  and  press. 

Referring  to  the  drawing,  A  is  the  flue  through  which  the  cotton 
is  blown  from  the  gins  to  the  condenser ;  Bisa.  drum  covered  with 
wire  cloth ;  air  and  dust  escape  through  the  meshes  of  this,  and 
the  cotton  is  carried  over  as  a  thin  bat  to  the  rollers  C  and  D, 


which  wipe  it  (iff  tlio  di'iiiii  iiiid  press  out  some  of  the  remaining 
air,  and  tlieu  drop  it  (in  tlio  apron  L\  at  the  bottom  of  the  cotton 
reccptacio.  Tliis  apron  moves  slowly  up  to  tlie  revolving  picker 
wlieel  F,  wiiicli  whfcl  is  going  rapidly,  and  carries  the  cotton  up 
and  under  the  I'ailer  G.  This  roller  has  teetJi,  which  protrude 
when  they  gi.'t  fippositc  the  picker  wheel  and  recetic  on  the  opposite 
side.  The  function  •<(  these  teeth  is  to  knock  back  and  prevent 
too  much  cdttun  iiiniing  over  at  a  time,  and  to  keep  the  cotton 
from  gettinj:  thicker  <in  one  side  tliim  the  other;  they  are  con- 
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trolled  bv  eccentrics  on  either  side  of  the  machine.  A  beater  H 
brushes  the  cotton  off  of  the  picker  wheel,  ami  throws  it  over  into 
the  bat  former,  J.  This  wheel  makes  a  sejiaration  of  the  motes 
or  im|>erfect  seed  which  tlie  gin  saws  have  drawn  through  the  ribs; 
these  motes  fall  throuo^h  the  crratin«:  /.  and  are  carried  bv  the 
wheel  back  under  the  apron  Es  where  they  are  cleaneil  out  at 
intervals.  The  cleaneil  lint  c^)lton  in  small  flakes  is  thrown  over, 
and  falls  on  the  rollers  A'^and  Z.  Tlie  roller  7i  is  made  of  wire 
cloth,  to  allow  dii't  and  motes  to  fall  through  it.  The  cotton  is 
drawn  between  these  rollere,  and  then  between  rollers  L  and  J/J 
where  it  receives  a  preliminary  compression.  These  rollers  detect 
the  thickness  of  the  bat,  and,  if  it  is  too  thick  or  thin,  a  shifter  is 
moved  which  either  slows  or  quickens  the  s])eed  of  roller  iT,  the 
picker  I\  and  the  apron  E.  In  this  way  the  thickness  of  the  bat 
per  yard  is  kept  very  nearly  uniform. 

Tlie  gins  are  continually  choking  and  stopping,  and  the  supply 
of  cotton,  if  taken  direct  from  them  without  holding  a  reserve  sup- 
])ly  in  the  rece]>tacle,  Avill  cause  at  times  a  variation  of  25  jx?r  cent. 
in  the  weight  of  the  bat. 

The  si)eed-reguhiting  mechanism  is  so  arranged  that  it  will  stop 
the  feeiler  if  the  S|)eed-  gets  too  fast,  which  would  indicate,  of 
course,  that  there  was  not  enougli  cotton  in  the  hopper  to  make  a 
standanl-weiglit  bat.  It  is  better  to  have  a  break  in  the  lap  than 
to  have  it  too  thin,  although  it  is  usual  to  stop  the  press  also, 
and  thus  avoid  breaking  the  bat. 

Tho  bat  on  leaving  rollers  L  and  J/ is  drawn  between  the  small 
roller  N  and  the  press  rolh»r  0,  thence  around  the  core  -ff.  The 
surface  of  the  ])ress  rollers  are  going  about  20  i>ercent.  faster  than 
the  surface  of  thti  rollers  L  and  J/,  thus  the  fibres  are  straightened 
out  to  a  certain  extent. 

The  bale  is  madtj  between  the  press  rollers  0,  1\  and  (?,  and 
around  the  core  li.  As  the  bale  grows  in  diameter,  the  roller  Q 
rises. 

AVhen  the  bale  is  finished,  the  supply  of  cotton  is  stopped,  and 
the  bagging  from  the  reel  A'  is  f(Hl  around  the  bale,  then  pinned, 
and  cut  olf.  The  roller  Q  is  raised,  and  the  bale  taken  out.  A 
new  core  is  put  in,  and  the  supply  of  cotton  started  again.  During 
the  covering  and  taking  out  of  the  bale — which  takes  about  a 
minute — the  gins  have  been  running  on,  and  the  cotton  accumulat- 
ing in  the  hop|Xjr.  This  gives  the  reserve  supply  of  cotton  neces- 
sary to  keep  the  bat  even.     The  bale  outside  of  the  press  has  its 
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core  pulled  out,  the  bagging  sewed  up,  and  is  then  weighed  and 
marked. 

The  speed  of  the  rollers  is  figured  to  give  the  bat  a  weight  of 
2i  pounds  per  yard,  and  depends,  of  course,  on  the  number  of  saws 
in  the  gins. 

Description  of  the  Machinery, 

The  lint  flue  which  connects  the  gins  to  the  condensers  is  made 
of  sheet  iron,  and  provided  with  gratings  and  dust  boxes  to  take 
out  as  much  dust,  dirt,  etc.,  as  possible. 

The  condenser  consists  of  a  screen  drum  with  open  ends  con- 
nected with  the  open  air  by  dust  flues,  which  conduct  the  air 
which  has  blown  the  cotton  from  the  gins  and  the  dust  outside 
the  gin  building.  The  drum  revolves  as  shown  by  the  arrow, 
and  thus  constantly  presents  a  clean  surface  to  the  blast  of  cotton 
and  air,  and  acts  as  a  carrier  of  the  cotton  to  the  two  small  doflFer 
rollers.  These  wipe  off  the  cotton  from  the  drum.  The  drum 
and  rollers  are  driven  by  one  chain,  as  indicated  by  Fig.  180. 

The  cotton  hopper,  feeder,  and  bat  former  consists  of  an  endless 
apron  which  is  driven  by  the  spiked  picker  roller,  as  is  shown  in 
the  drawing. 

The  spiked  picker  is  driven  by  a  belt  from  the  variable  speed 
cones,  shown  in  Figs.  181  and  182.  The  roller  K  is  also  driven 
from  the  spiked  picker.  A  decrease  of  the  speed  effects  all  three 
alike :  the  cotton  is  brought  up  slower,  carried  over  slower,  and 
fed  to  the  compression  rollers  slower.  Thus,  not  only  is  the  supply 
slowed  up,  but  the  cotton  already  in  the  bat-former  is  drawn  out 
and  thus  thinned.     If  the  bat  is  thin,  the  reverse  is  the  case. 

The  regulating  roller  G  has  two  sets  of  double-ended  teeth  which 
protrude  from  the  roller  at  each  side,  and  are  so  flexibly  held  that 
it  is  possible  to  make  those  on  one  end  protrude  more  or  less  than 
those  on  the  other  end  of  the  roller.  The  extent  and  place  they 
Avill  protrude  is  regulated  by  eccentrics  on  either  end  of  the 
roller;  thus  it  is  possible  to  prevent  the  bat  running  thicker  or 
thinner  on  one  side  than  the  other.  The  speed  of  this  roller  is 
constant. 

The  beater  has  two  wings  with  spikes,  which  pass  between  those 
on  the  spiked  drum,  and  two  wings  with  leather  flaps,  which  wipe 
the  cotton  off  the  spikes  of  the  picker  roller.  The  speed  of  this 
beater  is  also  constant.  The  light  flakes  of  cotton  fly  over  the 
grating  while  the  motes  sift  through. 
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The  bat  fonner  compresses  tbe  loose  lint  and  forms  the  thick 
bat.  Tbe  large  roller  K  is  made  of  wire  cloth  of  large  mesh  to 
allow  any  motes  which  might  get  over  the  grating  above  to  fall 
out.  This  roller,  by  its  varying  speed,  either  poshes  the  cotton 
to  or  holds  it  away  from  the  smaller  compression  rollers.  The 
lower  compression  roller  is  covered  with  rtrips  of  rubber  which  aid 


.  181. 


in  wiping  the  cotton  off  the  loUor  K.  Tlie  rollers  X  nnd  M axe 
geareil  iinti  drivon  togetliei"  l)y  fitiii'  small  gears.  Tliis  method  of 
driving  allows  tlieiii  to  spread  vory  far  ap;u't  without  choking. 
They  are  driven  fToni  the  ]»i-ess  and  go  about  20  i>er  cent,  slower 
than  the  pross  rollers.  Tiiey  are  held  together  by  a  helical 
spring,  TIjeir  movement,  t<i  and  frnm  one  another,  moves  the 
Iwlt  shifter  on  the  siwed  cones,  and  causes  the  spiked  ])Lcker  to 
run  faster  or  slower,  if  the  bat  gets  too  thin  and  the  picker  runa 
too  fast,  the  cones  are  arranged  to  stop  driving.     Tliis  is  shown 
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in  Fig.  182.    The  bat  is  stopped  by  lowering  the  lower  cone  out 
of  contact  with  the  upper. 

The  press  is  the  three-roller  type.    The  two  lower  rollers  are 
mouDted  in  the  side  frames  of  the  machine,  and  are  fixed  in  rela- 


Fid.  183. 


tion  ti>  one  anotiter.  Tlie  top  roller  is  mounted  in  a  yoke  which 
permits  it  to  slide  up  iiiul  down  in  its  guides.  The  two  vertical 
sides  of  thin  yol^e  are  nicks,  and  tlieir  teeth  mesh  with  smaller 
pinions.  These  pinions  are  keyed  to  a  torsion  shaft  which  is  stiff 
enough   to   prevent  cither  side  of  the  yoke  rising  ahead  of  the 
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other.  Opposite  the  pinions  are  rollers  which  take  care  of  the 
side  thrust  caused  by  the  teeth.     These  are  shown  in  Fig.  183. 

Keyed  on  the  right  end  of  the  torsion  shaft  is  a  large  gear; 
this  gear,  through  three  others,  reduces  the  pressure  9.2  times  until 
a  friction  bi^ake  is  reacheil.  This  brake  resists  the  movement  of 
this  train  of  wheels,  and  hence  the  niising  of  the  top  or  pressure 
roller.  The  increase  in  diameter  of  the  bale  tends  to  push  the 
roller  up;  the  brake  resists  the  upward  motion.  The  tighter  the 
brake  is  put  on,  the  denser  will  Ihj  the  bale. 

I  soon  found  out  that  the  pressure  must  be  increased  as  the 
bale  increases  in  diameter,  otherwise  the  core  of  the  bales  became 
packeil  to  a  density  of  70  pounds  per  cubic  foot  and  the  cotton 
could  not  be  unwound.  A  piece  of  cypress  which  I  put  in  for  a 
centre  had  its  cross  section  reduced  one-half,  so  some  idea  of  how 
great  the  pressure  must  have  been  can  be  obtained.  It  was  about 
this  time  that  the  mills  did  not  care  for  such  bales.  The  cotton 
appeared  to  creep  upon  itself,  layer  upon  layer,  so  that,  even  if  I 
sUirted  with  a  light  pressure,  the  inner  layers  became  very  much 
thickened  for  the  first  five  or  six  yards,  and  the  cotton  was  buckled 
or  crimped.  So  I  could  not  start  the  pressure  very  light  and  then 
suddenly  increase  it,  for  the  bale  simply  refused  to  stay  round 
and  became  oval  until  the  inner  layers  had  been  bunched  together 
and  the  whole  had  attained  the  proj^r  density.  To  overcome 
these  objections  I  have  devised  the  following  means:  A  large 
double-tapered  core  is  used  which  is  greater  in  diameter  at  the  ends 
than  in  the  centre.  At  the  ends  are  flanges  which  are  loose,  and 
servtj  to  hold  the  ends  of  the  bale  and  also  act  as  the  fulcrum  of 
the  lever  which  ])ulls  out  the  core.  The  cones  divide  in  the 
centre,  as  is  shown  in  Fig.  1>>4:.  This  core  is  held  about  an  inch  off 
the  two  lower  press  rol lei's  by  flanges  at  the  ends  of  these  rollers. 
These  flanffcs  revolve  with  the  rollers  and  cause  the  core  to  revolve 
a  little  faster  than  the  roUei's.  The  elfect  of  this  is  to  make  the 
initial  ]>ressure  on  the  cotton  lap  not  more  than  the  weight  of  the 
core  itself,  and  to  draw  the  lap  around  the  core  and  thus  prevent 
bunching  at  the  start.  This  largo  core  gives  a  firm  centre  on 
which  to  sturt  the  bale,  and  when  it  is  withdrawn  the  hole  it 
leaves  is  so  large  that  the  cotton  caves  in  around  the  centre  and 
thus  softens  up.  The  longer  a  bale,  stands,  the  softer  it  gets 
toward  the  centre.  The  weight  of  the  top  roller  and  its  yoke  is 
too  great  a  prtissure  to  exert  on  the  core  at  first,  so  I  have  counter- 
balanced them  by  letting  the  yoke  come  down  on  helical  springs. 
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Tliese  s])rings  are  shown  in  Fig.  ISO.  By  the  time  the  bale  has 
lifted  tlie  roller  up  about  iive  inches,  the  full  weight  of  the 
roller  will  be  on  the  bale.  After  running  a  while  under  the 
weight  of  the  roller  and  its  yoke  the  brake  begins  to  act,  and  its 
pressure  continually  increases  until  the  bale  is  finished. 

Figs.  185  and  ISO  show  the  brake  on  and  oflf.  The  brake  wheel 
is  surrounded  bv  a  steel  band  lined  with  well-oiled  leather,  which 
allows  the  wiieel  to  slip.  On  the  pulling  end  of  the  band  is  a 
helical  spring,  Aviiich  is  gradually  compressed  as  the  strap  is 
pulled  around.  This  spring  has  a  scale  and  pointer  which  indi- 
cate, just  as  a  spring  balance  does,  the  amount  of  the  pull.  The 
slack  end  of  the  band  is  kept  tight  by  a  weighted  lever.     This 
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lever  stands  in  a  ]>erpendicular  j)osition  when  the  brake  is  oflf,  and 
gradually  drops  to  a  horizontal  position  where  it  exerts  its  maxi- 
mum pull.  The  point  to  which  the  slack  end  of  the  strap  is 
fastened  is  at  its  greatest  distance  out  from  the  centre  when  the 
lever  is  in  the  first  position,  and  its  least  distance  at  the  end,  so 
that  we  have  two  varying  factors — i\n  increasing  effect  of  the 
weight  on  the  lever,  and  a  decreasing  length  of  lever  arm  through 
which  the  resistance  acts.  The  combination  of  these  is,  of  coui*se, 
an  infinite  pull,  but  the  spring  on  the  ])ulling  end  lets  us  by  this 
danger  ])oint,  the  weight  rests  on  the  floor,  and  we  get  only  the 
maximum  value  of  the  pulling  power  of  the  spring.  It  is  evident 
that  this  arrangement  can  never  stick  and  break  the  machine,  and 
that  the  maximum  pull  is  always  indicated. 

The  lever  is  tipped  from  its  vertical  position  and  held  in  its  in- 
termediate positions  by  a  cam  bolted  to  it,  which  strikes  against  a 
small  roller  which  is  bolted  to  the  journal  of  the  upper  press  roller. 
From  Figs.  18.5  and  ISH  it  is  seen  that  it  is  not  possible  to  put 
on  the  brake,  except  after  the  ])ressure  roller  has  reached  a  certain 
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height,  or  after  the  bale  has  reached  a  predetermined  diameter. 
This  point  can  bo  changed  at  will  by  adjusting  the  cam.  It  is 
also  evident  that  it  is  not  possible  for  the  brake  to  come  on  all  at 
once,  but  it  must  exert  a  gradually  increasing  pressure ;  thus  the 
pressure  on  the  growing  bale  is  as  delicately  balanced  as  it  is  pos- 
sible for  it  to  be  made,  and  the  additional  precaution  against  hard 
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Fig.  186. 

centres  is  taken  by  having  tlie  largo  core,  on  the  witlidrawal  of 
which  the  cotton  at  the  centre  softens  up.  The  speed  ot  the  bat 
former  is  made  slower  at  fust,  so  that  the  bat  will  be  thinner  and 
the  consequent  bundling  up  will  only  bring  it  to  standard  weight. 
The  top  roller  is  raised  and  lowered  by  a  paper  friction  wheel 
working  in  contact  either  with  the  inside  of  the  rim  of  the  brake 
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wheel  or  wiili  its  Imb.  Tbis  friction  wiieel  is  journalletl  in  an  ec- 
centric box.  and  moved  by  the  inclined  lever  siiown  in  Fig.  181. 
The  arrangement  of  the  friction  wheel  and  brake  wheel  is  shown 
in  Figs.  185  ami  ISfi. 

The  driving  scheme  for  the  rollers  is  shown  in  Fig.  18fl.     The 
biiKiIl  pininri  i.s  ii}lhiiU-'iI  '.(1  tiji-  |nill,\-  ^iJ:l  Ft  ;  :i lid  Liie  prossstitrled 


and  stopped  by  a  friction  clutch.     The  arrangement  of  the  driv- 
ing gear  in  the  new  model  is  shown  in  Fi"^.  1S2. 

The  speed  of  tlie  rollers  is  determined  by  the  fact  that  the  best 
result  in  unwinding  the  bales  is  obtained  when  the  weight  of  the 
bat  of  cotton  averages  about  2^  jrounds  per  yard.  This  weight  of 
bat  requires  a  less  number  of  vi'vulutiuns  per  bale  than  a  thin  bat 
would,  and  there  is  consequently  less  drawing  or  tightening  of  the 
layers  upon  one  another.  A  thicker  bat  would  be  hard  for  the 
mills  to  work  up. 
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Fig.  188  shows  the  press  and  its  bale.  The  bales  weigh  alx)ut 
250  pounds,  anit  are  35  inches  long  and  about  '20  to  22  inches  in 
diameter.    This  gives  a  density  of  about  35  ponnds  per  cubic  foot. 

Bales  are  covered  with  a  light-weight  burlap  or  cotton  duck. 
As  there  is  no  tendency  for  the  bales  to  expand,  hoops  or  wires 
are  not  needed.  The  bagging  reel  is  carried  on  the  front  of  the 
pross  ;is  shown  in  Fig.  ISO. 

From  the  above  description  it  will  be  seen  that  the  feeder  and 
press  is  nothing  but  a  larger  and  heavier  form  of  the  automatic 
feeder  and  breaker  lapper  of  the  mills, 

A  round  balu  is  about  ten  times  as  dense  as  the  round  lap  of 
the  mill,  and  it  usually  has  to  be  made  in  one-twentieth  of  tiie 
time  of  making  a  round  lap. 

In  conclusion,  the  system  from  a  mechanical  standpoint  is  a 
success.  From  a  commercial  standpoint  it  is  not  fully  ^tablished, 
but  the  prospects  in  that  direction  are  very  bright. 

Already  our  company  is  erecting  a  goodly  number  of  plants, 
and  will  be  in  a  position  to  do  a  large  amount  of  work  this  season. 

There  is  a  large  field  in  the  South  for  mechanical  improvement, 
in  cotton -handling  machinery  especially,  and  I  hope  soon  tn  see 
the  Society's  membership  extending  in  that  direction. 
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No.  §93.* 

OX  THE  IXFLVEXCE  OF  TITAXIUM  OX  THE  PROP- 
ERTIES OF  CAST-IROX  AXD  STEEL. 

BY   ATwrSTE  J.    Ko>SI,    NEW  YOIIK. 

Titanium  is  foniul  in  nature  almost  as  abundantly  as  iron 
itself.  Titaniferous  iron  ores  are  met  all  over  the  world,  and, 
in  Sweden,  Norway,  Canada,  in  several  States  in  the  Union,  and 
particularly  in  the  Adirondacks  district,  they  occur  in  "  moun- 
tain masses,"  penetrating  the  igneous  rocks,  and  constituting, 
in  fact,  the  geological  formation,  the  igneous  rocks  themselves 
being  so  impregnated  and  enriched  with  the  iron-bearing  min- 
eral as  to  justify  their  being  called  an  ore.f 

It  is  not  within  the  province  of  this  paper  to  discuss  the 
question  of  their  smelting.  It  will  suffice,  for  our  purpose,  to 
say  that  these  titaniferous  ores  have  been  successfully  smelted 
in  blast  furnaces  for  over  twenty  years  in  the  Adirondacks  (some 
fifty  years  ago ),  in  England  at  Xorton-on-Tyne  for  several  years, 
.and  by  ourselves  more  recently,  and  that  we  have  obtained  liun- 
dreds  of  tons  of  pig-iron,  which  have  formed  the  basis  of  some 
of  the  experiments  which  we  intend  to  describe. 

Whatever  may  have  been  said  of  the  economy  of  this  smelting, 
one  point  on  which  all  metallurgists  seem  to  agree  is  the  peculiar 
value  j^ossessed  by  the  pig-iron  which  thoy  yield.  Though  at  the 
temperature  .available  in  the  blast  furnace  the  oxide  of  titanium 
is  not  reduced  by  carbon,  owing  to  other  combined  influences, 
a  certain  amount  of  titanium  finds  its  way  into  the  metal,  bnt 
always  in  very  small  proportions,  rarely  above  0.10  of  1  per 
cent,  to  0.2  per  cent,  or  0.3  per  cent.,  most  generally  a  few  hun- 
dredths, or  even  traces.  So  far  as  these  ores  have  been  smelted, 
and,  we  should  say,  in  the  conditions  in  which  they  have  been 
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smelted,  the  pig-iron  yielded  is  eminently  a  forge  iron,  an  ideal 
open-hearth  stock,  low  in  siUcon,  quite  free  from  phosphorus 
and  sulphur  (as  these  ores  are,  as  a  rule,  generally  free  from 
phosphorus  specially),  and  containing  the  carbon  mostly  in  the 
combmed  state.  The  fracture  is  close  grained,  very  mach  in  ap- 
pearance  like  steel,  of  which  it  has  the  grayish  color  rather  than 
being  white.  This  iron  is  very  strong.  Such  expressions  as 
**  Wonderfully  good,"  "  All  that  can  be  desired,"  "  Very  tenacious 
pig,*'  "  Extra  good  iron,  imparting  to  others,  in  mixture,  proper- 
ties of  cold  toughness  "...  will  be  met  in  technical  pub- 
lications here  and  abroad  whenever  this  pig-iron  is  mentioned. 

The  "  titanic  pig  "  which  we  smelted  from  Adirondack  ores 
contained  but  0.11  to  0.13  silicon,  and  about  0.20  titanium; 
another,  also  smelted  by  us,  contained  silicon,  0.36;  titanium, 
0.07;  combined  carbon,  2.69  per  cent.;  graphitic,  0.24  per  cent. 
As  only  a  very  small  percentage  (5  per  cent,  or  thereabouts)  of 
this  pig  was  used  in  mixture  with  others  in  the  tests  described 
further,  the  results  observed  cannot  very  well  be  attributed  to 
the  direct  influence  of  titanium,  but  rather  to  an  indirect  action, 
a  remark  which  has  been  made  very  often  by  technical  men. 

It  was  as  entering  as  a  constituent  for  chilled  castings  that  we 
had  occasion  to  experiment  with  pig-iron  of  this  class  for  a 
large  manufacturing  firm. 

Test  bars  1  inch  by  1  inch  by  13  inches  long,  tested  12  inches 
between  supports,  broke  under  a  load  at  centre  of  2,700  pounds ; 
average  of  three  bars. 

The  normal  mixture  used  in  this  establishment,  and  which 
formed  the  basis  of  all  mixtures,  had  an  average  transverse 
strength  (three  bars )  of  3,390  pounds,  bars  of  the  same  dimen- 
sions as  above,  and  a  chill  of  1.062  inches  on  chill  blocks  1^ 
inches  by  li  inches  by  2  inches. 

Exjie rimejits  with  Nickel  alone. 

The  first  experiments  bore  on  the  influence  of  additions  of 
nickel  to  the  norma]  mixture.  We  prepared  for  the  purpose 
a  ferro-nickel  at  30  per  cent,  nickel.  Cast  bars  2  inches  by  1 
inch  by  2  feet  loug  of  this  ferro  could  be  bent  at  right  angles 
without  breaking.  Regular  bars  1  inch  by  1  inch  by  12  inches 
between  supports  gave  way  under  a  load  of  2,450  pounds  at 
centre,  but  not  by  breaking  or  snapping  asunder,  as  is  the  case 
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with  cast-iron,  but  by  bending  gradually  until  tlie  deflection  at 
the  centre  reached  much  over  1  inch,  when  they  generally  split 
open  in  the  length.  Of  this  ferro-nickel  we  added  to  the  normal 
mixture  a  sufficient  quantity  to  obtain  in  the  product  increasing 
quantities  of  nickel  of  i  per  cent.,  i  per  cent,  1  per  ceni,  2  per 
cent.,  3  per  cent.,  4  per  cent.,  5  per  cent.,  6  per  cent.  At  the 
same  time  as  the  bars,  chilled  blocks  were  cast  in  each  case. 
The  bars  had  the  dimensions  adopted  for  all  others,  viz. :  1  inch 
by  1  inch  by  12  inches  between  bearings,  13  inches  long. 

The  following  diagram  (Fig.  ISO)  shows  the  results,  taking  the 
average  breaking  loads  of  three  bars  in  each  case  as  ordinates. 

An  inspection  of  this  diagram  shows  that  the  transverse 
strength  is  decidedly  increased  (about  20  per  cent.)  by  additions 
of  small  quantities  of  nickel  up  to  1  per  cent. ;  after  that  this 
increase  of  strength  diminishes  to  5  per  cent,  for  quantities  of 
nickel  reaching  nearly  up  to  3  per  cent ,  and  then  the  strength 
remains  stationary,  or  actually  diminishes. 

In  fact,  for  these  higher  percentages  of  nickel,  the  bars  bend 
to  such  an  extent  at  the  centre  when  a  certain  load  is  reached 
that  the  obsei'vations  become  difficult  and  uncertain.* 

But  the  effect  of  additions  of  nickel  on  the  chill  is  remarkable. 
From  IjV,  inches  with  normal  mixture,  it  drops  to  nothing  with 
6  per  cent,  nickel,  and  even  the  addition  of  0.50  per  cent,  nickel 
is  enough  to  cause  it  to  drop  considerably  below  the  normal : 
0.875  inch,  as  against  1.062  inches. 

E,c]wriments  idth  Niclcel  and  Titanic  Pig, 

By  additions  to  the  normal  mixture  of  f  per  cent,  nickel  and 
5  per  cent,  titanic  pig,  the  breaking  load  reached  3,750  pounds 
average,  an  increase  of  about  10  per  cent,  above  the  normal,  and 
the  chill  1.125  inches.  In  other  words,  an  addition  of  5  per  cent, 
titanic  pig  brought  back  the  chill  to  be  fully  equal  to  or  greater 
than  the  original,  while  the  strength  secured  corresponded  to  that 
obtained  with  1  per  cent,  nickel,  without  addition  of  titanic  pig. 

By  adding  to  the  normal  mixture  A  per  cent,  nickel  and  10  per 
cent  titanic  pig,  the  average  breaking  load  reached  3,700  pounds, 
practically  the  same  as  above,  while  the  depth  of  the  chill 
reached  1.312  inches ;  in  other  words,  the  result  of  the  addition 

*  Tensile-strength  tests  would  certainly  show  much  better  figures  for  nlokd. 
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of  titanic  pig  to  a  greater  extent  (10  per  cent.),  with  less  nickel 
(0.50  per  cent.),  is  to  increase  considerably  the  chill  without 
impairing  the  strength.     (Fig.  189.) 

Experiments  with  Titanic  Pig  cdcne. 

We  experimented  next  with  titanic  pig  alone,  without  addi- 
tions of  nickel.     The  diagram  below  (Fig.  190j  summarizes  the 
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results  obtained.  A  consideration  of  the  latter  shows  that  the 
addition  of  2^  per  cent  titanic  pig  increased  the  chill  slightly, 
without  any  apparent  action  on  the  strength.  An  addition  of  5 
per  cent  titanic  pig  increased  the  strength  about  10  per  cent. 
and  the  chill  considerably  more,  about  30  per  cent ;  while  an 
addition  of  10  per  cent,  to  25  per  cent,  of  titanic  pig,  without 
impairing  the  original  strength— on  the  contrary,  rather  increas- 
ing it  to  an  important  extent — increased  the  chill  to  50  per  cent, 
or  more  above  the  normal. 

The  action  of  this  titanic  pig  added  to  cast-iron  is  then  shown 
by  the  diagrams  to  be  an  increase  in  the  strength  with  an  in- 
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creased  chill,  or  a  maintenance  of  the  strength  with  a  consider- 
ably greater  chill,  as  much  as  50  per  cent  greater,  or  more.  To 
all  purposes,  this  addition  is  then  preferable  to  that  of  nickel : 
on  the  score  of  cost,  as  to  effect  on  the  chill,  and  because,  prac- 
tically, the  same  strength  can  be  secured  without  nickel  addition 
as  with  it,  within  the  limits  of  chill  admissible.  Besults 
observed  on  bars  were  confirmed  on  castings  made  from  these 
different  mixtures. 

The  titanic  pig  containing,  at  the  most,  0.2  titanium,  the  addi- 
tion of  5  per  cent,  or  even  10  per  cent  of  such  pig  could  not  in- 
troduce in  the  mixture  (assuming  no  loss  of  any  kind)  more  than 
0.01  to  0.02  per  cent,  titanium  as  an  outside  figure,  and  to  such 
small  percentages,  if  any,  it  is  rather  difficult  to  attribute  the 
results  observed.  By  whatever  cause  they  may  have  been  se- 
cured, it  was  natural  to  study  the  action  on  the  properties  of 
cast-iron  that  the  addition  of  an  alloy  could  have  containing  a 
sufficient  amount  of  titanium  to  introduce  in  a  pig-iron  larger 
quantities  of  the  former  metal  than  mere  traces.  Such  alloys  we 
have  manufactured  by  the  ton  last  summer,  by  different  proc- 
esses. Some  of  the  alloys  we  have  obtained  contained  but  very 
small  percentages  of  carbon — 0.18  per  cent,  to  0.70  per  cent, 
and  from  10  per  cent,  to  75  per  cent,  titanium ;  others,  on  the 
contrary,  contained  carbon  from  5  per  cent,  to  7  per  cent,  or 
even  8  per  cent,  and  10  per  cent,  to  12  per  cent,  titanium,  occa- 
sionally as  much  as  15  per  cent,  to  20  per  cent  This  carbon  was 
present  almost  invariably  in  the  graphitic  state,  the  combined 
carbon  hardly  reaching  0.20  per  cent.,  generally  0.12  per  cent,  to 
0.15  per  cent,  with  S,  0.011  per  cent ;  P,  0.04  per  cent,  to  0.09 
per  cent. ;  silicon  below  or  up  to  1  per  cent,  to  1.50  per  cent.  It 
is  this  latter  class  of  alloys  which  we  have  used  to  season  pig- 
iron,  with  the  results  described  below. 

Eoqperimenis  tvith  Cast-Iron  treated  In/  Additions  of  Titaiuum  AUoys. 

We  have  added  the  alloy  both  in  the  crucible  and  in  the  pour- 
ing ladle ;  coarsely  granulated,  or  even  in  lumps.  Our  experi- 
ments have  been  repeated  by  other  parties  in  a  large  construction 
works  and  in  car-wheel  works,  and  our  own  results,  as  to  extent 
of  improvements  observed,  have  been  fully  confirmed.  We  will 
not  insist  here  on  the  different  methods  which  we  have  tried  in 
order  to  secure  a  better  incorporation  of  the  alloy.     Adding  the 
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alloy  previously  heated,  and  in  as  small  fragments  as  practically 
adraissil>lo,  secured,  of  course,  the  best  results.  We  have  not 
experimented  yet  by  adding  the  alloy  in  the  cupola ;  but  in  all 
our  exj>eriments,  and  in  those  made  by  others,  we  have  found 
that  an  addition  of  4  per  cent ,  in  some  cases  even  less,  of  the 
10  ]>er  cent  alloy  was  ample  to  secure  a  considerable  improve- 
ment, both  in  the  transverse  and  tensile  strength  of  the  metal. 

These  10  per  cent,  to  12  ])er  cent,  titanium  alloys  are  much 
lighter  than  pig-iron,  the  specific  gravity  of  titanium  being  less 
than  5,  and  for  this  reason  thev  have  the  tendencv  to  float  on 
the  surface  of  the  metal  treated.  Enclosing  the  alloy  in  a  cast- 
iron  pipe,  dropped  hot  in  the  bath  of  molten  pig  when  operat- 
ing on  a  ladle,  would  prove  very  successful. 

Fig.  191  summarizes  the  results  obtained  by  the  addition  of  4 
por  cent,  of  a  10  per  cent,  to  12  per  cent,  titanium  alloy,  contain- 
ing car]>on,  to  pig-iron  of  different  quality. 

It  shows  tliat  bv  such  an  addition  we  have  secured  an  increase 
of  some  20  per  cent,  to  25  per  cent,  in  the  transverse  strength, 
and  from  30  per  cent,  to  5<)  per  cent,  in  the  tensile  strength,  of 
the  metal,  according  to  the  nature  of  the  pig-iron  treated.  This 
result  can  be  ol)tained  at  an  expense  which  does  not  materially 
increase  the  cost  of  the  product,  if  wo  take  in  consideration  the 
improvem(ints  secured,  the  small  amount  of  alloy  found  sufficient 
to  secure  them,  and  the  cost  of  the  alloy,  which  we  have  been 
able  to  manufacture  at  such  a  low  price  as  to  admit  of  its  indus- 
triid  use.  In  many  cases,  indeed,  the  high  requirements  of 
specifications  for  superior  products  suppose  a  higher  price  for 
the  cast-iron  fulfilling  them,  and  the  addition  of  the  alloy,  by 
improving  indifferent  pigs  and  l)ringing  them  up  to  the  mark, 
would  prove  even  economical,  the  value  of  the  alloy  for  the  pur- 
pose once  established  without  contest. 

Analyses  *  made  of  the  pig-iron,  before  and  after  treatment, 
showed  practically  the  same  amount  of  graphitic  and  combined 
carbon,  ihv  sanu'  raflo  of  one  to  the  othrr,  with  no  differences  or  but 
trifling  ones  as  to  silicon,  sulphur,  phosphorus,  and  manganese. 
The  only  element  distinguishing  them  was  titanium,  present  in 
the  metal  treated  to  the  extent  of  0.34  per  cent,  to  0.37  per 
cent.,  and  0.47  per  cent,  to  0.53  per  cent.  In  these  cases  the 
percentages  found  are  sufficient  to  have  a  (HreH  influence  on 
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the  quality  of  the  metal,  and  the  results  show  strongly  in  which 
direction. 

The  deflection  curve  (at  centre  of  bars)  corresponds  quite 
well  with  the  increased  tensile  strengths,  and  the  curves  repre- 
senting this  latter  strength  and  the  transverse  strengths  in  the 
original  metal  and  the  metal  treated  are  so  nearly  parallel 
(as  soon  as  the  pig-iron  under  experiment  is  not  of  an  inferior 
quality)  that  the  improvements  observed  seem  to  follow  a  law, 
and  cannot  be  called  casual. 

We  may  remark  here  that  the  sizes  adopted  for  the  test  bars — 
square  bars  1  inch  by  1  inch  by  12  inches  between  supports 
for  transverse  strength ;  J  inch  to  1  inch  diameter  by  18  inches 
long  for  tensile  strength — may  not  be  considered  by  many  as  the 
best  size  to  adopt  in  such  tests.  Nor,  we  may  say,  were  the 
(tefliTtions  at  centre  measured  with  such  an  accurate  instrument 
as  would  be  strictly  required,  but  all  the  experiments  were 
made  on  tlie  metal  l)€fore  and  after  treaiment,  with  test  pieces  cast 
in  the  same  conditions,  tested  in  the  same  machine,  measured 
with  the  same  instrument,  and  they  have  at  least  the  merit  of 
being  comparative. 

We  should  add,  also,  that  in  all  the  tests  made  in  crucibles 
our  invariable  practice  was  to  melt  the  same  amount  (50  pounds) 
of  the  original  pig-iron  experimented  with,  casting  from  it  3 
round  bars  and  3  square  bars,  and,  when  they  were  justified, 
chill  test  blocks. 

The  new  charge  consisted  of  50  pounds  of  tlie  same  original 
pig-iron,  to  which  was  added  the  proper  proportion  of  titanium 
alloy  broken  in  sufficiently  small  fragments.  From  the  well- 
melted  mixture  were  cast  the  regular  size  test  bars,  as  also  chill 
blocks,  when  the  condition  of  the  experiment  implied  it,  thus 
affording  a  good  comparison  of  the  properties  of  the  metal 
before  and  after  treatment. 

When  operating  in  the  ladle  (in  car-wheel  works,  for  instance) 
our  practice  has  been  to  take  from  the  pouring  ladle,  into  & 
smaller  ladle,  the  quantity  of  metal  not  treated  necessary  to 
cast  the  test  pieces,  and  then  cast  the  wheel  from  the  original 
metal.  The  pouring  ladle  was  then  half  filled  with  hot  metal 
from  the  receiving  ladle  from  the  cupola,  the  intended  amount 
of  comminuted  alloy  dropped  in,  the  charge  in  the  pouring  ladle 
completed,  the  mass  stirred,  and  a  sufficient  quantity  of  treated 
metal  taken  for  test  pieces  before  casting  the  wheel. 
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The  figure  of  4  per  cent  of  alloy  in  weight  of  the  pig  metal  is 
based  on  the  weight  of  the  wheel  and  gates  as  oast,  and  is  then  a 
mazimumy  as  necessarily  there  always  remains  a  certain  variable 
amoont  of  metal  in  the  poaring  ladle.  Furthermore,  if  the  alloy 
be  used  in  too  large  pieces  or  is  imperfectly  stirred,  a  part  of  it 
is  not  thoroughly  incorporated,  and  may  remain  floating  on  the 
metal  These  circuiifiistances  may  serve  to  explain  certain  dis- 
crepancies in  the  curves,  which  represent  the  results  of  practical 
tests  and  experiments. 

• 

Eixyperiments  with  Steel, 

Our  experiments  with  steel  have  been  limited,  so  fisur,  to  crucible 
steels.  William  Metcalf,  in  his  '*  Manual  for  Steel  Users,"  has 
called  attention  to  the  possible  influence  of  gaseous  elements 
present  in  steel  and  not  generally  determined,  such  as  hydrogen, 
oxygen,  and  nitrogen.  As  to  oxygen,  it  is  practically  and  suf- 
ficiently removed  in  general  by  the  addition  of  ferro-manganese  ; 
but  it  is  not  so  with  nitrogen,  of  which  the  influence  is  con- 
sidered by  Percy  and  many  other  metallurgists  as  decidedly 
weakening.  Analyses  made  by  Professor  Langley,  of  crucible, 
open-hearth,  and  converter  steel,  have  revealed  the  fact  that  the 
quantities  of  nitrogen  found  in  these  three  classes  of  steel  keep 
decreasing  from  the  first  to  the  last,  and,  as  is  well  known,  the 
qualities  of  strength  of  these  difierent  steels,  even  for  the  same 
composition  with  respect  to  silicon,  sulphur,  phosphorus,  car- 
bon, place  the  crucible  steel  at  the  head,  and  the  converter  steel 
the  last.  Mr.  Metcalf  has  then  suggested  that  the  removal  of 
nitrogen  by  some  chemical  affinity  would  be  likely  to  improve 
the  metals  containing  the  most  of  it,  that  is,  the  open-hearth  and 
the  converter  steel,  and  even  the  crucible  steel  to  the  extent  of 
the  nitrogen  it  contains  also,  and  in  this  line  of  ideas  he  has 
suggested  the  use  of  titanium  for  the  purpose. 

The  affinity  of  titanium  for  nitrogen  is  indeed  so  great  that 
titanium  will  burn  in  nitrogen  just  as  iron  bums  in  oxygen. 
If  such  is  the  case,  improvements  in  steel — even  in  crucible 
steel — could  be  secured  by  a  very  small  addition  of  the  alloy,  and 
even  if  but  a  very  small  percentage  of  titanium  were  to  be  left 
in  the  treated  metal.  This,  of  course,  would  be  independent  of 
any  specific  action  wliich  titanium,  by  its  presence  in  more  im- 
portant amount,  could  have  on  the  properties  of  steel,  as  we 
have  found  it  to  be  the  case  with  cast-iron. 
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But  experiments  with  crucible  steel  are  difficult  to  carry  on. 
It  is  necessary,  when  making  them,  that  the  metal  obtained 
from  a  blank  charge,  without  addition  of  alloy,  should  have  the 
same  composition  as  that  obtained  in  a  charge  to  which  the 
alloy  has  been  added.  This  is  readily  enough  secured,  as  far  as 
silicon,  manganese,  sulphur,  and  phosphorus  may  be  concerned, 
but  not  so  as  regards  the  carbon ;  and  differences  in  the  per- 
centages of  this  latter  element  may  at  once  change  a  soft  steel 
to  a  mild  or  hard  steel,  or  vice  versa — steels  possessing  entirely 
different  properties,  and  not  comparable.  In  making  the  tests 
described  below  we  have  used  alloys  practically  free  from 
carbon,  made  by  a  special  process.  They  contain  some  1  per 
cent,  silicon,  more  or  less ;  S,  0.011 ;  P,  0.04  to  0.09  per  cent.,  or 
even  less,  and  aluminum  occasionally ;  and  of  these  alloys  we 
have  added  from  2  to  5  per  cent,  to  the  steel,  according  to  the 
percentage  of  titanium  exj>ected  to  be  introduced  and  percent- 
age of  titanium  in  the  alloy  itself.  The  titanium  alloys  are  so 
much  more  difficult  to  melt  as  they  are  higher  in  titanium, 
and,  in  general,  we  would  not  advise  the  use  of  alloys  much  above 
15  per  cent,  titanium  (at  least  for  crucible  steel). 

We  have  chosen  amongst  the  tests  we  have  made  such  as  are, 
we  believe,  the  most  characteristic,  and  for  lack  of  direct  terms 
of  comparison  with  steels  resulting  from  the  same  charges  but 
not  treated  with  the  alloy,  we  offer  steels  of  very  nearly  the  same 
composition  as  to  silicon,  sulphur,  phosphorus,  and  even  alumi- 
num, and  containing  the  same  amount  of  carbon.  They  are 
taken  from  Mr.  K.  A.  Hadfield's  paper  on  "  Aluminum  Steel " : 

p..rKi.n         T"^'*-  \iiiTn         Klttftic       TMtimatc     Contraction    Elonga- 

carbon.       ^^^^^  Alum.         Limit.       Strength.       Area,  p.  c.    tion,  p.  c. 

Hadfield 0.49  "  0.31        30,414        73,248        22.28  18.50 

Titanium  stpel.. 0.479  **  0.30        35,000        81,250        38.80  24.40 

Hadfield  0.65  *'  0.18        32,211        58,912  4.40  8.50 

Titanium  stee^  0.68  "  0.20        41,000      103,000        17.40  26.80 

Hadfield 0.85  '*  0.29        35,549        91.100  4.40  4.50 

Titanium  steel.. 0.a54  *'  0.29        76,500      141,500        14.60  8.40 

Titanium  steel.. 0.826  "  0.31        70,000      127,500        21.90  8.40 

Titanium  steel..  1.227        0.53         0.00        59,250  -d  30.90  10.00 

Titanium  steel.  2. 165        J'^^j^         .0  65.000  -d  10.60  8.75 

All  the  steels  treated  with  titanium  contained  about  0.10  per 
cent,  titanium  when  not  otherwise  mentioned.     The  test  bars 


INFLUENCE  OP  TITANIUM  ON  CAST-IRON  AND  STEEL.  581 

were  0.505  inch  diameter,  2  inches  between  clutches,  threaded  as 
required  by  the  regulations  of  the  United  States  Government. 

The  alloy  was  added  in  small  fragments,  or  even  granulated^  in 
the  crucible  with  the  charges,  and  in  some  cases  dropped  in  that 
state  into  the  molten  steel ;  but  it  would  have  been  much  prefer- 
able to  enclose  it  in  an  iron  pipe,  heat  the  latter,  and  drop  it  into 
the  molten  steel  or  add  it  cold  with  the  charge,  in  the  pipe,  as 
it  is  practised  with  other  ferros.  A  great  deal  of  the  alloy,  and 
consequently  of  the  titanium,  was  lost  by  oxidation  as  it  floated 
on  the  surface  of  the  molten  bath  of  steel,  the  alloy  being  con- 
siderably lighter  than  steel,  especially  when  high  in  titanium,  as 
we  have  had  occasion  to  remark. 

As  far  as  these  experiments  did  go,  and  we  made  some  1,200 
or  1,500  pounds  of  ingots,  they  seem  to  show  a  remarkable 
elongation  and  reduction  of  area ;  in  high  or  very  high  carbon 
steel,  titanium  appears  to  act  somewhat  like  nickel  in  this  re- 
spect Chisels,  crowbars,  cutting  tools  were  made  from  such 
steel,  and  they  were  declared  to  be  excellent  The  chisels  kept 
their  temper  well,  being  tempered  hard,  but  did  not  waste  on  the 
head  under  the  blow  of  the  hammer—they  "  mushroomed,''  as 
the  workmen  expressed  it  Our  experiments  in  this  line,  how- 
ever, are  far  from  being  complete,  and  others  are  in  progress,  or 
will  be  soon,  in  open  hearth  and  in  the  converter.  It  is  possible 
that  for  the  two  latter  applications,  alloys  higher  in  titanium 
than  10  to  12  per  cent,  or  even  15  per  cent,  proved  very 
admissible. 

The  alloys  high  in  carbon  could  certainly  be  used  instead  of 
those  practically  free  from  it — even  for  crucible  steels.  A  10 
per  cent,  alloy,  containing,  say,  7  per  cent.  C,  added  to  the  ex- 
tent of,  say,  4  pounds  to  100  pounds  of  steel,  would  introduce 
in  the  steel  only  0.28  carbon.  That  is  much  less  than  the  steel 
treated  is  intended  to  contain,  let  it  be  a  semi-hard  and  spe- 
cially a  tool  steel,  in  which  case  the  carbon  expected  is  to  reach 
0.50  to  0.90  and  more,  or  thereabouts,  and  it  would  be  only  a 
matter  of  adjusting  the  carbon-bearing  materials  of  the  charges 
to  take  care  of  the  carbon  supplied  by  the  alloy. 

Conclusion. 

In  conclusion  we  believe  ourselves  justified  in  saying  that,  as 
far  as  cast-iron  is  concerned,  the  improvements  observed  by 
additions  of  small  percentages  of  titanium  alloys  cannot  be  con- 
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tested,  corroborated  as  our  results  have  been  by  experiments 
made  by  others  and  independently  of  us.  They  bear  both  on 
the  transverse  and  tensile  strength,  which  are  increased,  the 
former  some  20  to  25  per  cent.,  the  latter  30  per  cent  or  more, 
according  to  quality  of  the  original  pig-iron. 

As  to  steels,  limited  as  our  experiments  have  been,  and 
limited  to  crucible  steel  as  they  were,  the  influence  of  titanium 
seems  to  have  been  verv  much  in  the  same  direction  as  for  cast- 
iron — an  increase  in  the  ductility  of  the  metal,  as  shown  by  the 
increased  contraction  of  area  and  elongation  and  of  the  elastic 
limit  in  high-carbon  steels. 

We  have  purposely  avoided  in  all  the  above  any  mention  of  the 
manufacture  of  the  alloys,  desiring  to  examine  particularly  in 
this  paper  the  influence  of  titanium  on  the  properties  of  iron. 
A  few  succinct  details,  however,  on  the  methods  which  we  have 
followed  may  prove  of  interest,  as  some  bear  a  direct  relation  to 
the  production  of  alloys  of  titanium  with  other  metals  than  iron. 

Any  titaniferous  iron  ore,  sufficiently  free  from  injurious  ele- 
ments and  high  enough  in  titanium,  will  prove  suitable  for  a  first 
material.  The  powdered  ore  is  intimately  mixed  with  powdered 
charcoal,  and  the  mixture  charged  in  the  graphite  cavity  of  a 
block  forming  the  electric  furnace,  or  crucible.  Its  construction 
IS  very  much  like  that  described  by  Siemens  some  twenty  years 
a^o.  This  graphite  block  and  its  contents  form  the  cathode. 
A  set  of  carbons,  bunched  together  and  forming  the  anode,  pene- 
trates in  the  central  cavity  of  the  furnace,  leaving  between 
the  carbons  and  the  sides  of  the  crucible  a  space  sufficient  for 
the  introduction  of  the  charge.  The  lowering  or  raising  of  the 
carbon  anode,  by  moans  of  any  appropriate  mechanical  device, 
allows  the  arc  to  start  through  the  mass,  the  heat  generated 
being  sufficient  (probably  some  2.800  degrees  C,  more  or  less) 
to  cause  the  reduction  of  titanic  oxide  l)v  carbon,  a  reduction 
which  requires  this  intense  heat,  the  iron  oxides  of  the  ore 
being,  of  course,  readily  reduced  in  these  conditions.  The  two 
metals  melt,  and  allov  and  the  oartliv  materials  of  the  ore  float 
as  slag  on  the  surface  of  the  metallic  bath.  With  the  ores  which 
we  have  used,  the  amount  of  this  slag  was  vertj  limited.  The 
proportion  of  tUaninm  to  the  iron  in  the  ores  treated  necessarily 
fixes  and  limits  the  percentage  of  the  first  metal  in  the  product. 
If  this  is  higher  than  is  desired,  a  certain  amount  of  scrap-iron 
can  be  added  to  the  mixture  of  ore  and  carbon  and  charged  in 
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the  furnace  first,  in  order  to  obtain  any  other  percentage  desired, 
but  there  is  a  nMximwn  possible  depending  upon  the  composi- 
tion of  the  ores  themselves. 

We  have  thus  obtained  alloys  containing  from  6  to  7  per  cent 
of  carbon  (more  or  less),  mostly,  as  we  have  said,  in  the  graphitic 
state,  and  titanium  in  variable  proportions  from  about  10  per 
cent,  to  25  per  cent.,  or  more. 

For  certain  purposes  the  presence  of  carbon  may  prove  ob- 
jectionable, and  we  have  made  alloys  containing  but  0.18  to  0.70 
of  carbon,  operating  in  the  same  furnace,  by  substituting  alumi- 
num for  carbon  as  a  reducer  of  the  metallic  oxides.  This  prop- 
erty of  aluminum  to  reduce  nearly  all  metallic  oxides  has  been 
known  for  the  last  fifty  years  or  more  as  a  laboratory  experi- 
ment. If  aluminum  in  impalpable  powder  be  mixed  with 
finely  powdered  oxides  and  the  temperature  raised  in  one  point 
of  the  mass  by  means  of  a  primer  of  magnesium,  for  instance, 
the  reaction  will  proceed  by  contiguity  of  mass  without  the  in- 
tervention of  any  external  heai  A  temperature  estimated  by 
some  to  be  as  high  as  3,000  degrees  C.  can  thus  be  secured, 
and  it  has  formed  the  basis  of  a  special  industry,  the  **  alumino- 
thermics,'*  as  it  has  been  called  in  Europe.  In  such  case  the 
aluminum  powder  is  mixed  with  oxides  yielding  their  oxygen 
readily,  the  reduction  of  the  oxides  being  but  a  means  of 
securing  the  heat,  and  not  the  purpose  of  the  operation.  Dr. 
Goldscbmidt,  to  whom  the  industrial  realization  of  a  well-known 
principle  is  due,  has  been  able,  with  proper  devices,  to  generate 
heat  in  loco  sufficient  to  solder  iron  and  steel  castings,  and 
to  melt  metals  difficult  to  melt  otherwise.  Applied  to  the  re- 
el ucf  ion  of  metallic  oxides  in  order  to  obtain  alloys,  simple  as  the 
method  appears,  it  becomes  very  expensive,  as  the  aluminum 
in  powder  costs  six  or  seven  times  as  much  as  aluminum  in 
ingot. 

We  have  found  that,  instead  of  using  aluminum  in  fine  pow- 
der, all  the  reactions  of  aluminum  in  this  state  can  be  secured 
by  a  hath  of  (duminum  brought  to  a  proper  temperature,  such  as 
is  conveniently  secured  in  an  electric  furnace,  for  instance. 

If,  then,  in  our  furnace  we  charge  aluminum,  scrap  or  ingot, 
melt  it,  and  charge  the  titaniferous  iron  ores,  in  the  bath  the 
latter  are  readily  reduced  as  they  were  before  by  carbon,  and 
the  heat  generated  by  the  oxidation  of  aluminum  allows  us  to 
moderate  considerably  the  current  applied  at  a  certain  stage  of 
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the  operation.  We  have  thus  obtained  alloys  practically  free 
from  carbon,  while  the  aluminum,  oxidized  to  alumina,  formed 
with  the  gangs  of  the  ores  an  aluminate  which  floated  on  and 
separated  cleanly  from  the  metallic  molten  mass  of  the  alloy. 
This  aluminate  is  harder  than  natural  corundum,  and  can  be 
used  as  an  abrasive  material,  or  it  can  be  used  as  a  source  of 
alumina,  the  basis  of  the  manufacture  of  aluminum.  Alloys 
can  be  obtained  in  this  manner  at  a  much  cheaper  cost  than 
with  powdered  aluminum,  in  the  proportion  of  the  cost  of  this 
metal  in  the  two  states,  as  the  cost  of  the  '*  exteiiml  heat  supplied" 
in  this  case  is  but  an  insignificant  part  of  the  total  expense  in- 
curred. But  we  have  used  another  process  of  manufacture,  of 
which  the  economy  is  considerably  greater. 

From  a  titanic  iron  ore  containing,  for  illustration's  sake,  20  per 
cent,  titanic  acid  ( 12  per  cent,  titanium)  and  TO  per  cent,  oxide  of 
iron  (say  50  per  cent,  iron),  it  is  clear  that,  theoreticuUy^  we  can- 
not obtain  more  ihnji  Y^  =  19 A5  per  cent,  titanium  in  the  alloy, 
let  the  reducer  be  carbon  or  aluminum  and  the  latter  in 
powder  or  in  ingots,  and  let  the  heat  be  supplied  externally,  or 
directly  and  internally  by  the  oxidation  of  aluminum ;  but  further- 
more, the  quantity  of  aluminum  to  be  added  to  the  ore  (leaving 
aside  all  questions  of  heat)  must  be  such,  in  order  to  secure 
the  reduction  of  the  oxide,  as  to  satisfy  the  chemical  equation : 
FcaOg  +  AI2  =  AI2O3  4-  Fe-i ;  that  is,  for  every  pound  of  oxide  of 
iron  (or  say  iV  ^^  ^  pound  of  iron  reduced)  we  must  add,  in 
round  numbers,  ^  pound  of  aluminum.  Our  only  alternative 
would  be,  then,  instead  of  titaniferous  iron  ores,  which  are  not 
any  more  expensive  than  ordinary  iron  ores,  to  use  pure  titanic 
arid  or  oxide  (Ti02)  ridih\  which  occurs  in  nature  not  very 
ahundan/h/,  and  costs  even  when  but  comparatively  free  from 
iron,  something  like  §450  to  $350  a  ton. 

Our  method  consists,  starting  from  the  above  titaniferous 
iron  ore  taken  as  an  example,  to  mix  it  with  only  such  quantity 
of  charcoal  as  is  necessary  to  reduce  the  oxides  of  iron,  but  not 
the  titanic  oxide,  and  submit  the  mixture  to  a  current  of  a  very 
low  intensity,  not  sufficient  to  reduce  the  titanic  oxide,  realizing 
in  our  furnace  a  temperature  but  slightly  higher  than  that 
secured  in  a  blast  furnace,  having  previously  added  to  the  mix- 
ture of  carbon  and  ore  a  quantity  of  limestone,  or  preferably 
lime,  capable  of  forming,  with  the  titanic  acid  of  the  ore,  a 
regular  titanate  slag. 
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We  have  thus  obtained,  as  a  by-product,  all  the  iron  of  the 
ore  in  the  form  of  a  charcoal  titanic  pig  possessing  all  the 
valuable  properties  of  such  pig-iron,  and  in  which  are  found 
some  silicon,  sulphur,  and  phosphorus  from  the  ores  and  a  slag 
or  concentrate  of  titanic  acid,  practically  free  from  iron  and  con- 
taining practically  all  the  titanic  acid  of  the  ores.  Treated  by 
carbon  or  aluminum,  this  concentrate  theoretically  would  yield 
metallic  titanium  without  iron,  and  with  proper  mixtures 
with  scrap-iron,  titanium  alloys  as  high  as  might  be  desired. 
We  have  thus  indirectly  obtained  from  a  titaniferous  ore  con- 
taining 12  per  cent,  of  titanium,  an  alloy  containing  75  per  cent, 
of  titanium. 

This  concentrate  not  containing  any  oxide  of  iron  practically, 
no  aluminum  needs  be  added  on  this  score,  and  as  this  concen- 
trate costs  us  nothing,  all  expenses  to  obtain  it  being  covered 
and  above  by  the  value  of  the  titanic  pig  obtained  in  the  inter- 
mediary operation,  the  economy  realized  is  considerable ;  and, 
in  fact,  alloys  free  from  carbon,  obtained  by  using  aluminum  as 
a  reducer,  by  this  method  are  but  very  little  more  expensive 
than  those  obtained  from  carbon  itself. 

But  this  concentrate  has  another  application.  Being  practical- 
ly free  from  iron,  it  can  form  the  basis  of  the  manufacture  of 
alloys  other  than  ferros.  By  using  this  concentrate  as  a  basis 
and  source  of  titanium,  and  charging  copper  scrap  in  a  furnace 
instead  of  the  ore,  with  the  proper  proportion  of  aluminum  to 
reduce  the  titanic  oxide  of  the  concentrate,  we  have  obtained 
alloys  of  titanium  and  copper,  cupro-titanium,  containing  from 
8  to  15  per  cent,  titanium. 

Added  to  manganese  bronze  in  a  large  construction  establish- 
ment in  the  proportion  of  4  pounds  of  the  alloy  (10  per  cent.  Ti)  to 
100  pounds  bronze,  the  results  were  so  satisfactory  as  to  justify 
the  protracted  tests  contemplated.  The  following  results  were 
observed  on  bars  0.795  diameter,  area  i  square  inch,  length 
2  inches  between  clutches :  Elastic  limit,  25,200  pounds  per 
square  inch ;  tensile  strength,  63,080  pounds ;  reduction  area, 
41.56  per  cent ;  elongation,  45  per  cent. 

Note. — For  more  complete  details  on  the  manufacture  of  the  alloys,  furnaces 
used,  reactions  taking  place,  analyses  of  products,  we  refer  to  Vol.  IX.  of  Miti- 
eral  Industry,  article  on  "  Titanium  and  its  Alloys,"  from  which  article  some  of 
the  above  has  been  resumed. 

'J'his  volume  is  in  press. 
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ANALYSES. 
Pio-Irons  Tested  (Diagram  C7). 

No.  2—Analy$i$  by  Dr.  Ch.  F.  McKenna,  on  bars  tested. 

Before  Treatment.  After  Tieatmenb 

Total  Carbon 8.856  8.668 

CombiutHl  Carbon 0.758  0.709 

Graphitic  Carbon 3.098  2.964 

_    ,      -  Combined C  ^.  ^ 

Ratloof—     ^TTr-,\ 24.4percent.  24percent. 

Graphitic  C 

Phosphorus .  .0.88  0.85 

Sulphur 0.05  0.05 

Silicon 1.87  1.88 

TiUnium 0  0.87 

No.  8 — Analysis  as  given  to  us  by  the  parties  who  made  the  test. 

Total  Carl)on 8.59 

Graphitic  Carbon 2.98 

Combined  Carbon 0.60 

Manganese 0.78 

Phosphorus 0.52 

Sulphur 0.052 

Silicon Not  given. 

No.  8 — Analysis  by  parties  uho  made  the  tests. 

Total  Carlwn 8.50  8.60 

Graphitic  Carlwu 2.82  2.18 

Combined  Carbon 1 .  18  1.37 

Manganese 0.796  0.714 

Sulphur 0.188  0.104 

Phosphorus 0.34  .  0.867 

Silicon 0.78  0.83 

Tit  ASIC  Pio-Iroxs. 

Smolted  f  i\>m  Titaniforoa^    ObtAined  as  a  **  Br-prodact "  with 
In^n  Oro*  in  Bliunt  Fur-  the  "Concentrate,'*  In  oar 

naco,  by  A.  J.  Ko^si.  Manufacture  of  Alloys. 

Total  Carlion 3.345  3.676 

Combined  Carlxm 3.090  3. 500 

Gniphiiic  CarUni O.e.w  0. 176 

Silicon 0.36  0.210 

Pluv»phorus Traivs  0.052 

Titanium None  to  0.07  0.034 

Manganese 0. S"*  Not  determined. 

Sulphur O.lW  0.021 

ExrLANATu>y>  or  Diagram. 

No.  1— Common  foundry  pig-iron  used  for  ordinary  castings.  Ex^^eriment 
made  in  cruoiMe. 

No.  2 — Foundry -iron  No.  2x.  used  in  a  foundry  at  JerM?y  City  for  machinerr 
casting.     Exivr::r.en:  r.:av;e  :i\  «*rucible. 
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No.  8 — This  experiment  was  made  at  the  testing  department  of  a  large  con- 
struction firm  in  Philadelphia,  independently.  Cast-iron  sach  as  they  use  in 
their  shops.    Ladle  or  crucible. 

No.  4 — This  experiment  was  made  in  car-wheel  works  in  our  presence,  but 
independently  in  the  ladle.  Wheels  were  cast  from  the  mixture,  treated  with 
alloy,  and  without  additions  of  alloy. 

No.  5 — Very  good  foundry-iron,  from  Paterson,  N.  J.  Experiment  made  in 
erueible. 

No.  6— Experiment  made  in  crucible. 

No.  7— Experiments  in  iron  works.  Made  in  the  ladle,  independently.  Wheel 
cast  from  mixture  treated. 

No.  8 — Experiment  made  in  crucible. 
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No.  893.* 

PORTABLE  VERSCS  STATIOyARY  MACHINE  TOOLS.\ 

BT  JUIIN   RIDDLLI.,    tiCIIENRcTADY,   N.   T. 

(Member  of  the  Society.) 

Portable  machine  tools  are  to-day  made  and  used  for  a  great 
many  diflferent  purposes  undreamed  of  fifteen  or  twenty  years 
ago.  There  are  several  reasons  for  this.  One  is  that  since 
electricity  has  come  into  general  use,  the  driving  of  portable 
tools  has  become  very  much  less  of  a  problem  than  before ;  and 
another  reason  is  that  compressed  air  is  more  generally  used, 
as  may  be  seen  by  the  great  number  of  pneumatic  drills  and 
chippers  in  use. 

In  a  discussion  of  the  larger  portable  tools,  those  which 
really  do  the  work  of  large  stationary  tools,  a  very  good  example 
is  presented  in  the  drilling  of  large  pieces  by  a  stationary  radial 
drill,  as  compared  with  the  same  operation  on  a  portable  drill 
The  photograph  in  Fig.  192  shows  a  large  magnet  frame  sus- 
pended from  a  travelling  crane  while  having  the  pole-piece 
bolt  holes  drilled  by  a  stationary  radial  drill.  This  operation 
requires  not  only  the  services  of  a  crane  and  a  man  to  operate 
it,  but  also  at  least  two  floor  men  and  one  drill-press  hand.  It 
is  also  a  rather  dangerous  operation,  since,  if  the  blocking  is 
not  carefully  done,  the  piece  is  very  apt  to  slip  and  cause 
trouble.  Fig.  193  shows  the  same  operation  as  effected  by  a 
portable  drill,  and  it  will  be  noticed  that  there  are  two  other 
machines  at  work  on  the  piece  at  the  same  time.  Two  men  can 
run  these  three  machines  and  have  time  to  spare.  It  will 
hardly  require  any  further  argument  to  show  which  is  the 
better  way. 

Figs.  104  and  195  show  a  similar  piece  having  the  feet  planed. 


*PTOsent«ul  at  the  Milwaukoo  ine<?ting  (May,  1901)  of  the  Americaii  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the  Tranaactions. 

\  For  fiirtiier  discussions  on  this  topic  consult  Tranmrtiona  as  follows  : 
No.  80<5,  vol.  XX..  i>.  435  :   **  Topical  Discussions."    Also  references  to  eledrio 
transmissions  in  shop,  in  paper  No.  008. 
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Fig.  194  sliows  it  on  a  reciprocating  planer,  while  in  Pig.  195  it 
is  on  a  floor  plate  having  the  same  work  done  by  a  portable 
shaping  machine.  This  operation  is  generally  done  by  the  por- 
table slotters  which  are  shown  in  Fig.  193,  when  two  Blotters 
can  work  on  the  same  piece  at  once. 


Fig.  190  bIiows  two  of  these  niachinea  at  work  uu  the  joint  of 
one  of  these  large  magnet  frames. 

It  may  be  of  interest  to  know  something  about  the  drive  shown 
on  these  slottera.  The  motors  are  8  horse-power,  1,500  revolu- 
tions per  minute,  250  volts.  Each  end  of  the  armature  shaft 
is  provided  with  a  pinion,  the  right-hand  pinion  engaging 
directly  with  the  large  spur  gear  as  shown.     The  other  pinion 
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msshes  into  an  intermediate  gear,  wLioli,  in  turn,  engages  with 
the  gear  at  the  left-band  side.  To  each  of  these  gears  is 
attached  an  electro-magnet  which  is  in  the  form  of  a  disc.  Be- 
tween the  discs  is  a  long  sleeve  sliding  oti  a  spliued  shaft,  on 
each  end  of  which  is  a  large  shoulder  which  fixes  the  distance 
between  the  two  magnetic  clutches.  On  eaeb  end  of  the  sleeve 
referred  to  is  another  disc.     These  discs,  however,  are  perfectly 


plain.  Current  controlled  by  a  switch  on  the  opposite  side  of 
the  Blotter  is  supplied  to  the  clutches  through  collector  rings, 
the  switch  being  operated  by  dogs  on  the  sliding  head  in 
the  Bame  manner  as  belt  shippers  are  operated  by  planer 
dogs. 

The  clutches  referred  to  have  been  in  successful  operation  for 
about  two  years  on  a  120-incli  Bemeut  planer. 

Figs.  197  and  198  show  a  portable  boring  bar  for  large 
spiders  or  similar  pieces.    I  do  not  happen  to  have  a  photograph 
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of  this  operation  on  a  larj^e  boring  mill,  but  you  are  all  more  or 
less  familiar  with  the  operation  aud  can  readily  imogiue  what  it 
would  look  like.  The  largest  mill  at  the  works  where  this  bar 
is  used  is  a  16-25  foot  extension  mill,  and  to  bore  one  of  the 
spiders  referred  to  it  would  be  necessary  to  extend  tlie  mill  to 
25  feet  and  use  the  extension  arm  which  fits  on  the  cross  rail. 


""    V 


This  arm  projects  five  or  six  feet  out  from  the  cross  rail,  which 
in  itself  is  a  rather  weak  contrivance.  A  boring  bar  is  provided 
to  slide  in  the  extreme  end  of  this  arm  for  boring.  This  whole 
arrangement  is  necessarily  very  weak  and  heavy  cuts  can- 
not be  taken  with  it,  and  a  great  deal  n£  time  is  consumed  in 
doing  a  comparatively  small  job.  I  have  known  some  cases 
where  from  forty  to  fifty  hours  were  required  to  l)ore  one  of 
these  spiders.  With  the  portable  bar  the  same  work  has  been 
done  in  a  much  more  satisfactory  manner  and  required  only  from 
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fifteen  to  twenty  hours.      This  bar  also  has  the  advantage  of 
being  used  in  any  convenient  part  of  the  shop,  and  the  use  of  it 
leaves  the  larger  and  more  expensive  tool  free  for  other  work. 
Fig.  199  is  another  illustration  of  saving  a  large  stationary 
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boring  mill  by  the  use  of  a  portable  bar.  This  is  an  old  and 
well-known  type  of  bar  and  will  need  no  further  description. 

Fig.  200  has  gone  out  of  use  and  is  only  shown  here  as  a 
matter  of  curiosity  and  comparison  between  portable  and  sta- 
tionary machine  tools.  There  was  a  time  in  the  history  of  the 
company  which  built  the  dynamo  (an  outline  of  which  is  shown 
in  Fig.  201)  when  there  were  at  least  four  factories  planing  the 
pole  faces  and  joints  of  these  dynamos.  The  time  required  to 
plane  one  set  of  pole  pieces  was  about  forty  hours.  The  planing 
machines  used  were  96  inches  wide  and  represented  an  invest- 
ment of  about  $8,000  each. 

The  time  required  by  the  milling  machine  to  do  the  same  work 
was  about  twelve  hours  and  the  investment  was  about  $1,000.  It 
was  found  necessary  to  build  three  of  these  machines  to  keep  up 
with  the  orders  for  this  particular  type  of  dynamos.  Allowing 
that  one  of  the  milling  machines  would  do  the  work  of  three 
planers,  it  will  readily  be  seen  that  an  investment  of  about 
$72,000  would  have  to  be  made,  to  say  nothing  of  the  floor  space 
required.  The  milling  machine  could  do  its  work  in  any  place 
where  the  dynamo  frame  could  be  set  up. 
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TEST   OF  AN  HYDRAULIC   AIR    COMPRESSOR. 

BY  WILLIAM  O.  WEBBEB,  BOSTON,  MA88. 

(Member  of  the  Society.) 

Some  tests  made  September  10,  1899,  of  an  hydraulic  air  com- 
pressor operating  at  the  plant  of  the  Dominion  Cotton  Mills 
Company,  Limited,  at  Magog,  P.  Q.,  Canada,  gave  the  results 
which  are  recorded  in  the  following  paper. 

These  tests  were  made  on  an  hydraulic  air  compressor  known 
as  the  Taylor  compressor. 

This  compressor  embodies  the  principles  of  the  old  trompe 
used  in  connection  with  the  Catalan  forges  some  centuries  ago, 
modified  according  to  principles  which  were  first  described  by 
Mr.  J.  P.  Frizell,  in  an  article  in  the  Journal  of  the  JFranMin 
Institute^  September,  1880,  which  was  further  improved  by 
Charles  H.  Taylor,  of  Montreal,  and  patented  by  him  July 
23,  1895. 

It  consists  principally  of  a  down-flow  passage  having  an 
enlarged  chamber  at  the  bottom  and  an  enlarged  tank  at  the 
top  (Fig.  202).  A  series  of  small  air  pipes  project  into  the  mouth 
of  the  water  inlet  and  the  large  chamber  at  the  upper  end  of 
the  vertically  descending  passage,  so  as  to  cause  a  number  of 
small  jets  of  air  to  be  entrained  by  the  water. 

At  the  lower  end  of  the  apparatus,  deflector  plates,  in  connec- 
tion with  a  gradually  enlarging  section  of  the  lower  end  of  the 
down-flow  pipe,  are  used  to  decrease  the  velocity  of  the  air  and 
water,  and  cause  a  partial  separation  to  take  place. 

The  deflector  plates  change  the  direction  of  the  flow  of  the 
water  and  are  intended  to  facilitate  the  escape  of  the  air,  the 
water  then  passing  out  at  the  bottom  of  the  enlarged  chamber 
into  an  ascending  shaft,  maintaining  upon  the  air  a  pressure  due 
to  the  height  of  the  water  in  the  uptake,  the  compressed  air  being 

*  Presented  at  the  Milwaukee  meeting  (May,  1901)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the  Transactions, 
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led  on  from  the  top  of  the  enlarged  chamber  by  means  of  a 
pipe. 

The  general  dimensions  of  the  compressor  plant  are : 

Supply  penstock 60  in.  diam. 

Supply  tank  at  top 8  ft.  diam.  by  10  ft.  high. 

Air  inlets  (feeding  numerous  small  tubes). . .  .84  2-in.  pipes. 

Down  tube 44  in.  diam. 

Down  tube  at  lower  end 60  in.  diam. 

Length  of  taper  in  down  tube,  changing  from 

44  in.  to  60  in.  diam 20  ft. 

Air  chamber  in  lower  end  of  shaft 16  ft.  diam. 

Total  depth  of  shaft  below  normal  level  of  head 

water about  150  ft. 

Normal  head  and  fall about  22  ft. 

Air  discharge  pipe 7  in.  diam. 

■J 

It  is  used  to  supply  power  to  engines  for  operating  the  print- 
ing department  of  the  cotton  mills. 

There  were  three  series  of  tests  conducted  to  determine  the 
efficiency  of  the  compressor,  viz. : 

1.  Three  tests  at  different  rates  of  flow  of  water,  the  compres- 
sor being  as  originally  constructed. 

2.  Four  tests  at  different  rates  of  flow  of  water,  the  compres- 
sor inlet  tubes  for  air  being  increased  by  30  f-inch  pipes. 

3.  Four  tests  at  different  rates  of  flow  of  water,  the  compres- 
sor inlet  tubes  for  air  being  increased  by  15  f-inch  pipes. 

The  water  used  on  the  tests  was  measured  by  a  weir  10  feet 
in  width,  and  is  illustrated  in  the  accompanying  cuts  (Figs. 
203-207),  three  hook  gauges  being  employed  for  determining 
the  head,  two  being  read  by  Prof.  C.  H.  McLeod,  of  the  McGill 
University,  and  the  other  by  William  O.  Webber,  of  Boston. 
The  compressed  air  delivered  was  measured  by  air  meters, 
properly  calibrated,  and  read  by  J.  M.  Cameron,  of  Philadel- 
phia, and  Taylor  Gleaves,  of  Lynchburg,  Va. 

The  contained  moisture  in  the  air  was  measured  by  carefully 
standardized  instruments,  read  by  Prof.  R.  J.  Durley,  of  McGill 
University,  and  J.  Herbert  Shedd,  of  Providence,  R.  I., 
Mr.  Jay  M.  Wliitham,  of  Philadelphia,  Pa.,  having  general 
oversight  of  the  tests.  The  head  of  water,  condition  of  the  air, 
pressures,  temperatures,  and  quantities  were  read  at  five-minute 
intervals.  The  tests  extended  over  a  period  of  two  days,  and 
the  results  are  as  follows : 

30 
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ConipreBor  H«id  Air  InleU. 

IlSDU, 

Orlgiiuil. 

Pipe.. 

Inc-d  by 
Fiji.. 

8.772 
20.S38 
146.3 
864 
51.9 
14-51 
83.3 
36.8 
68.8 
66 
4. 37 
61 
41.6 

3.507 
30.119 

133.2 
705 
51,B 

14.43 
73.5 
85-5 
64.7 
66.S 
4.58 

as 

81) 

901 

Effeclisra  work  done  in  compressing  air,  H,  P 

88.3 

T«raperalare  of  eitema!  air,  deg.  Fahr 

Temperature  of  waterand  compresBed  air,  deg.  Fahr. 

67,7 
65.5 

44 

This  tabls,  when  the  flow  was  about  3,600  cnbic  feet  per 
minute,  sliowed  a  decided  economic  advant^e  by  the  use  of 
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30  |-inch  extra  air  inlet  pipes,  the  efficiency  increasing  from 
56.8  per  cent,  for  the  original  setting  to  64.4  per  cent,  when 
modified. 


Items. 


Flow  of  water,  cu.  ft,  per  minute 

Available  head  in  ft 

Gross  water,  H.  P , 

Air  delivered  at  atmospheric  pressure,  cu.  ft.  min. . . 

Pressure  of  air  at  compressor,  lbs 

Atmospheric  pressure,  lbs 

Effective  work  done  in  compressing  air,  H.  P 

EflBciency  of  compressor,  p.  c 

Temperature  of  external  air,  deg.  Fahr 

Temperature  of  water  and  compressed  air,  deg.  Fahr. 

Ratio  of  water  to  recovered  air  by  volumes 

Moisture  in  external  air,  p.  c.  of  saturation 

Moisture  in  air  after  compression,  p.  c.  o^  saturation . 


Compressor  Head  Air  Inlets. 


Original. 


4,066 

20.848 

156.2 

967 

53.2 

14.51 

94.3 

60.8 

66.4 

66.4 

4.20 

71 

38.5 


Inc'd  by 
15  f-in. 
Pipes. 


4,292 
19.509 
158.1 
1,148 
53.8 
14.41 
111.74 
70.7 
65.2 
66.5 
3.74 

68 

85 


Inc'd  by 
30  H°- 
Pipes. 


4,310 

19.578 

159.4 

998 

53.7 

14.45 

97.7 

61.3 

61.4 

65.5 

4.32 

65 

31 


This  table  shows,  when  the  flow  of  water  is  about  4,200  cubic 
feet  per  minute,  that  the  economy  is  highest  when  only  15 
extra  air  tubes  are  employed,  the  efficiency  increasing  from 
60.3  per  cent,  for  the  original  setting,  to  70.7  per  cent,  as 
modified. 


Items. 


Flow  of  water,  cu.  ft.  per  minute  

Available  head  in  ft 

(t ross  water,  H.  P 

Air  delivered  at  atmospheric  pressure,  cu.  ft.  min. . . 

Pressure  of  air  in  compressor,  lbs 

Atmospheric  pressure,  lbs 

Effective  work  done  in  compressing  air,  H.  P 

Efficiency  of  compressor,  p.  c 

Temperature  of  external  air,  deg.  Fahr 

Temperature  of  water  and  compressed  air,  deg.  Fahr. 

Ratio  of  water  to  recovered  air  by  volumes 

Moisture  in  external  air,  p.  c.  of  saturation 

Moisture  in  compressed  air,  p.  c.  of  saturation 


Compressor  Head  A 

Inc'd  by 

Origimil. 

1.5  f-in. 

Pipes. 

4,408 

4,700 

19.929 

19.309 

165.8 

171.4 

1.091 

1,103 

53.7 

52:9 

14.51 

14.40 

107 

106.8 

64.5 

62.2 

59.7 

65 

67 

66.5 

4.04 

4.26 

90 

60.5 

29 

31.2 

Inc'd  by 

30  j-in. 

Pipes. 

4,600 

19.411 

168.6 

1,070 

53.6 

14.44 

104.5 

62 
61.8 

66 
4.30 

68 

38 


This  table  shows,  when  the  flow  is  about  4,600  cubic  feet  per 
minute,  that  there  is  no  economic  advantage  by  increasing  the 
air  inlet  area  in  this  particular  installation. 
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Flow  of  woter,  eu.  ft.  per  minute 

ATuIable  head  in  ft f 

Qross  water,  H.  P 

Air  delivered  Kt  almoBpheric  pressure,  ca.  ft.  min . . 

Pressare  of  air  in  compressor,  lbs 

Atmospheric  pressure,  llis 

Effective  work  done  in  comprAssing  air,  H.  P 

Efficiency  of  compressor,  p.  c 

Tempenitaie  of  external  air,  deg.  Falir 

TemperuturBot  water  and  compressed  air,  deg,  Fahr, 

Kalio  of  water  and  recovereil  air  bj  rolomea 

Moisture  in  eitertiai  air,  p..  c.  of  aaturatlrin 

Moisture  in  air  after  compression,  p.  c.  of  saturation. 


194.0 
l.llS 
52,7 
14.40 
107.8 
G5.4 
65.3 
S8.S 
4.7S 
63.5 
83.5 


This  table  sLows  that  a  flow  of  6,000  or  more  cubic  feet  of 
water  is  in  excess  of  the  capacity  of  the  plant. 
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These  four  tables  may  be 

summarized 

19  follows : 

Iti'in.. 

Fio«-orw««, 

Emcitncy, 
per  MB  I. 

4,066 

4,408 
3.507 
4.203 
4,700 
5,058 
3,628 
4,310 
4,600 
5,345 

Airiiiletsincreasedl3)-15tin,l.lp«i 

M.8 

The  teats  show : 

1.  That   the    most   economical   rate   of   flow   of  water   with 
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this    particnlar    iuatallatioa    is    about  4,300   cubic    feet    per 
minute. 

2.  That  thia  plant  has  shown  an  efficiency  of  70.7  per  cent. 
untler  such  a  flow,  which  we  conaitler  excellent  for  a  first  instal- 
lation. 

3.  That  the  compreased  air  contains  only  from  30  to  20  per 
cent,  as  much  moisture  as  does  the  atmosphere. 

4.  That  the  air  is  compressed  at  the  temperature  of  the  water. 
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Tlie  results  of  these  tests,  together  with  two  others  made 
by  Professor  McLeod  on  the  same  plant  on  August  13,  1896, 
in  its  original  condition,  are  shown  on  the  above  digram, 
Fig.  20G. 

In  the  tests  at  Magog  we  recovered  81  horse-power,  nsing  an 
old  Corlis.s  engine  without  any  changes  in  the  valve  gear  as  a 
motor ;  this  would  represent  a  total  efficiency  of  work,  recovered 
from  the  falling  water,  of  51,2  per  cent. 

When  tlie  compressed  air  was  preheated  to  267  degrees  Fahr- 
enheit before  being  used  in  the  engine.  111  horse-power  was 
recovered,  using  115  pounds  coke  per  hour,  which  would  equal 
about  23  horse-poiver.     The  efficiency  of  work  recovered  from 
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the  falling  water  and  the  fuel  burned  would  be,  therefore,  about 
61^  per  cent.  On  the  basis  of  Professor  Kiedler's  experiments, 
which  require  only  about  425  cubic  feet  of  air  per  brake  horse- 
power per  hour,  when  preheated  to  300  degrees  Fahrenheit  and 
used  in  a  hot-air  jacketed  cylinder,  the  total  efficiency  secured 
would  have  been  about  87i  per  cent. 

The  second  compressor  on  the  Taylor  principle  is  located  on 
Coffee  Creek,  to  the  south  of  Ainsworth,  British  Columbia.  The 
available  head  of  water  is  107.5  feet.  The  down-flow  pipe  is  33 
inches  in  diameter.  The  shaft  is  32  square  feet  area  and  210 
feet  deep.  The  maximum  volume  of  water  is  4,200  cubic  feet 
per  minute,  and  would  represent,  at  71  per  cent,  efficiency,  587 
horse-power.  This  compressor  is  expected  to  utilize  about 
5,100  cubic  feet  of  free  air  per  minute,  or  734  cubic  feet  of  com- 
pressed air  at  87  pounds  pressure,  and  give  an  air-motor  out- 
put of  360  horse-power.  It  is  possible,  however,  that  this 
plant  may  not  give  as  high  percentages  as  this,  as  the  water 
passages  are  of  smaller  areas  than  those  at  Magog. 

Three  other  plants  are  now  under  construction,  one  at  Peter- 
borough, Ontario ;  one  at  Norwich,  Conn.,  and  one  in  the  Cas- 
cade Range,  State  of  Washington. 

The  plant  at  Peterborough,  Ontario,  for  the  Government  of 
the  Dominion  of  Canada,  is  to  be  used  in  connection  with  one 
of  the  locks  on  the  Trent  Valley  Canal,  the  chief  dimensions 
being  as  follows : 

Head  of  water ; 14  feet. 

Gauge  pressure.   25  pounds. 

Diameter  of  compressor  pipe 18  inches. 

Diameter  of  shaft 48  inches. 

Depth  below  tailrace 64  feet. 

The  whole  plant  is  enclosed  in  the  masonry  wall  of  the  lock, 
the  usual  rock  chamber  in  the  bottom  of  the  shaft  being  built 
in  concrete,  and  only  a  few  feet  below  the  water  level  of  the 
lock. 

At  Norwich,  Conn.,  at  what  is  known  as  the  Tunnel  Privilege 
on  the  (Juinebaug  River,  the  plant  will  give  1,365  horse-power 
of  air  at  a  pressure  of  85  jDOunds  per  square  inch. 

Head  of  water 18^  feet. 

Diameter  of  shaft  24  feet. 

Diameter  of  pressure  pi j)e 13  feet. 

Depth  of  shaft 208  feet. 
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The  air  will  be  tranamitted  a  distnnce  of  four  miles,  with  a 
losa  in  transmission  not  exceeding  2  per  cent,  through  16-inch 
pipe,  which  will  be  laid  with  flanged  joints  and  rubber  gaskets. 

The  plant  which  la  beiug  constructed  in  one  of  the  canyons 
oE  the  Cascade  Range  of  mountains  in  the  Stata  of  Washington 


will  give  200  horse-power  of  air  at  &  pressure  of  80  pounds  per 
square  inch. 

Head  of  H-mer «  ftet. 

'FLere  is  no  sliaft,  ua  ttie  apparaluH  is  cuDi!<trLicted.  iigaiuHl  llie 
YcrtlcBl  walls  of  tlie  <^anJOl^. 

Diameter  of  compressor  pipe 3  fppt. 

Diameter  of  ap-How  pipe 4  ft.  Ui  in. 

The  capacity  of  the  plant  is  baaed  on  2,000  miner's  inches  of 
water,  equal  to  63.2  cubic  feet  per  second.  The  total  height  of 
this  apparatus  is  about  260  feet. 
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DI80U88IOK. 

Fr(^.  B.  ff.  Thurston. — My  attention  was  reoently  called  to 
this  singular  system  of  air  compression  by  Mr.  B.  W«  Gilder, 
editor  of  the  Genfury  Magaziney  before  I  b^d  any  exact  knowl- 
edge of  the  aetnal  work  in  progcesa.  My  first  impression  was  that 
it  most  be  a  most  extraordinarily  inefficient  system.  The  idea  was 
not  new^  and  I  dismissed  the  matter  from  my  mind  as  of  no  im- 
portftnoe.  Since  then  I  have  heard  enough  to  indicate  that  it  is 
not  to  be  so  promptly  dropped,  and  the  figures  here  given,  which 
I  accept  as  substantially  accurate,  of  course,  are  so  remarkably 
in  excess  of  anything  that  I  had  anticipated  that  I,  and  I  am  soiie 
every  one  of  us,  will  desire  further  information.  I  should  have 
expected  an  efficiency  of  utilization  of  the  fall  .of  perhaps^  per 
cent,  as  a  maximum.  If  the  figures  hei?e  found,  60  to  70  per 
cent.,  can  be  relied  upon  as  obtainable  in  practice  with  as  little 
experience  as  has  yet  been  had  in  designing  the  apparatus,  it  looks 
extremely  probable  that  the  system  will  rival  the  best  existing 
constructions  of  orthodox  forms,  and  the  problem  of  the  engineer 
seeking  motive  power  for  air  compression  will  be  simply  one  of 
relative  costs  of  construction  and  of  interest  and  maintenance 
accounts. 

As  a  method  of  utilizing  a  fall  for  power  purposes  it  is,  of 
course,  a  very  different  proposition.  There  must  be  taken  into 
account  the  net  result  of  transmission  and  transformation  of 
energies  all  along  the  line,  from  dam  and  reservoir  to  point  of 
delivery,  from  the  prime  mover  to  the  machinery  of  the  works  to 
be  operated.  In  the  present  case,  nothing  is  stated  in  the  paper 
relative  to  the  final  efficiency  of  the  plant ;  but  if  the  air-com- 
pression system  have  an  efficiency  averaging  70,  and  the  com- 
pressed-air engine  delivers  60  per  cent,  of  its  energy  to  the  ma- 
chinery of  the  mills,  the  total  efficiency,  .70  x  .60  =  0.42  per 
cent.,  which  is  to  be  compared  with  the  efficiency  of  a  turbine 
directly  actuated  by  the  fall.  This  should  be  60  per  cent,  higher 
and  may  be  double  that  of  the  compressed-air  system  as  here 
described.  Should  future  improvements  in  design  and  construc- 
tion permit  a  guarantee  of  even  80  per  cent,  for  the  air  compres- 
sor and  an  equal  amount  for  that  of  the  compressed-air  engines, 
the  resultant  64  per  cent,  is  to  be  compared  with  the  80  per  cent, 
to  be  at  the  same  time  and  place  obtainable  from  the  turbine. 

Costs  of  dam,  flume,  and  other  construction,  and  maintenance, 
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must  also  be  compared  before  we  can  determine  precisely  what 
are  the  relative  values,  commercially,  of  the  usual  and  the  pro- 
ix)sed  systems.  In  hydraulic  work,  the  costs  of  construction  are 
pretty  apt  to  count  for  a  great  deal  in  deciding  such  matters  as 
this  of  choice  between  rival  systems  of  power  production. 

I  liope  that  we  may  have  accounts,  later,  in  full  detail,  financial 
as  well  as  mechanical,  of  the  operation  of  the  several  other  plants 
which  are,  and  are  to  be,  laid  down  on  this  plan.  Mr.  Webber 
will  do  the  profession  a  service  in  securing  complete  particulars 
for  the  information  of  the  members  of  the  Societ}". 

Mr.  Wm,  O.  Welher* — In  regard  to  the  eflScienc}'  of  compressed- 
air  transmission,  as  brought  up  by  Dr.  Tiiui'ston's  criticism  of  my 
paper,  would  submit  the  following  figures,  whicli  are  well  borne 
out  by  the  results  of  Gutermuth's,  Riedler's,  and  Mekarski's  tests, 
which  can  be  found  in  Kent 8  Pocket  Book : 

Ebtimatk  of  Power  TRA^•sMI^»8Io^'  Available  from   a  Water-fall  by 

Different  Methods  of  Development. 

UORSB-rOWBR. 

Given  horse-power  of  water 1,000 

Wheels  at  85  per  cent,  efficiency 850 

Shafting,  pulleys  and  belts  at  80  per  cent 680 

or  68  per  cent.,  wheels  being  at  full  gate,  and  the  minimum  loss  in 
fihafting  being  allowed.  With  wheels  as  usually  run  at  part  gate,  the 
result  would  l)e  as  follows  : 

Given  horse-power  of  water 1,000 

Wheels  at  75  per  cent,  efficiency 750 

Shafting,  pulleys  and  belts,  50  per  cent,  (average) 876 

or  37^  per  cent,  of  the  whole  power,  both  l>eing  directly  at  the  site  of 
the  water  power. 

In  order  to  transmit  power  to  a  distance,  we  must  take  again  : 

Horse-power  of  water 1,000 

Wheels  at  85  per  cent 850 

(i^enerator  at  92  per  c<*nt 780 

Transformers  at  92  per  cent 720 

Line  at  95  per  cent 680 

(/Onvertors  at  92  per  cent 625 

or  about  62^  per  cent,  of  the  whole,  and  with  direct-connected  motors 

at  90  per  cent 665 

or  56*  per  cent,  of  the  whole,  or  if  belted  at  90  per  cent  508 

or  say  51  i)er  cent,  of  the  whole. 
Hydraulic  air : 

llorse-power  of  wat^r 1,000 

Hydraulic  compressor  at  75  per  cent 760 

Pipe  line  efficiency  at  98  per  cent 786 


♦Author's  closure,  under  the  Rules. 
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HOBBS-FOWBR. 

Reoeatliigdryalr,add50perceiit.   )   ^loO  per  cent 1,470 

Moisteoing  '•    "      ••  60  per  cent.   )  ^ 

Air  engine  or  motors  at  78  per  cent. 1,145 

or  114.5  per  cent.,  and  if  belted  at  90  per  cent 1,080 

or  103  per  cent,  of  whole  as  a  resuUant  effect. 

The  weight  of  a  cabic  foot  of  compressed  air  at  85  pounds  and  at  70  degrees 
Fahr.,  500  poands. 

One  thousand  horse-power  would  represent  750,000  cubic  feet  of 
85  pounds  air  per  hour.  This  would  equal  882,000  pounds  of  air, 
and  as  one  pound  of  air  will  absorb  .58  pound  of  water,  we 
would  require  221,500  pounds  of  water  per  hour. 

The  labor  represented  by  forcing  221,500  pounds  of  water  per 
hour  equals  3,700  pounds  per  minute  against  85  pounds  pressure 

=  195.5  feet  would  be  — '         ' —  =  22  horsepower  about,  and 

as  pumps  give  an  efficiency  of  50  per  cent.  =  44  horse-power  of 
work  by  pump,  or  4.4  per  cent,  of  the  whole  1,000  horse-power. 
This  is  therefore  to  be  deducted.  The  coal  used  in  heating  the 
air,  which  is  about  1  pound  per  horse-power  per  hour,  would  also 
represent  an  amount  of  work  equal  to  75  horse-power,  or  7J  per 
cent,  of  the  whole  1,000  horse-power.  This  added  to  the  4.4  per 
cent,  as  above,  would  equal  an  amount  of  13  per  cent,  to  be  de- 
ducted =  87  per  cent,  of  the  whole  horse-power,  or  1,030  x  87 
per  cent.  =  896  horse-power,  or  89.6  per  cent,  as  a  final  result  of 
all,  as  against  56^  per  cent,  by  electricity,  or  68  per  cent,  by 
Avater  wheels  at  their  best,  or  37^  per  cent,  by  water  wheels  at 
their  average. 

That  our  results  are  within  the  bounds  of  reason  is  shown  by 
the  fact  that  75  per  cent,  x  98  per  cent,  x  200  per  cent,  x  78 
per  cent,  x  87  per  cent.  =  99.5  per  cent. 

Some  recent  tests  which  have  been  made  on  a  large  plant 
in  Germany  are  reported  to  have  given  90  per  cent.  eflBciency  for 
the  hydraulic  air  compressor,  which  is  above  anything  that  we 
have  hoped  to  get. 

In  regard  to  the  cost  of  construction  of  dams,  flumes,  and  other 
things,  the  cost  of  the  dam  would  be  precisely  what  it  would  be 
for  any  other  development,  and  the  1,350  horse-power  compressor 
at  Norwich  will  cost  not  to  exceed  $50  per  horse-power  all  told. 

As  soon  as  we  get  some  figures  on  the  cost  of  operation  on  a 
large  scale,  I  will  be  pleased  to  contribute  them  to  the  Society. 
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EFFICIENCY  TESTS   OF  A    OXE- HUNDRED- AND  - 
TWENTY' FIVE-HORSE-  POWER   GAS  ENGINE,] 

[Second  Paper.] 

BY   r.  II.  ItOBRRT'^ON,  I.  A  PAYETTE,  INI). 

(Junior  3f«int»er  of  the  ScK*ioty.» 

1.  At  the  December,  '99,  meeting  of  the  Society  there  was 
presented  a  paper  on  the  subject,  "An  Efficiency  Test  of  a 
One-hundred-and-twenty-five-horse-power  Gas  Engine."  X  This 
test  was  run  in  the  spring  of  that  year,  and  was  the  second  of  a 
series  which  had  been  begun  in  the  spring  of  '98.  In  present- 
ing the  paper,  the  author  stated  that  still  further  tests  were 
under  contemplation.  These  "  further  tests  "  were  run  in  the 
.  spring  immediately  following  the  meeting.  It  will  thus  be  seen 
that  tests  were  run  in  the  spring  of  '98,  '99,  and  1900.  Besnits 
of  the  tests  of  '98  were  not  published.  Result  of  tests  of  '99 
were  reported  in  the  above-mentioned  paper,  and  the  object  of 
this  paper  is  to  give  some  of  the  results  of  tests  (the  third  in 
the  series )  run  in  April  and  May,  1 900. 

*  Presented  at  the  Milwaukee  meeting  (May,  1901)  of  the  American  Sociery  of 

Meclianical  Engfineers,  and  forming  part  of  Volame  XXII.  of  the  Imnscictions. 
f  For  further  discuishions  on  this  topic,  consult  Transactions  as  follows  : 

No.  151,  vol.  v.,  p.  340  :  "Report  on  Natural  Gas." 

No.  220,  vol.  vii.,  p.  080:  ** Substitutes  for  Steam."    G.  II.  Babcock. 

No.  836,  vol.  xxi.,  p.  275:  **New  Method  for  Constructing  Entropy-Tempera- 
ture Diagram  for  (las  or  Oil  Engines."    11.  T.  Eddy. 

No.  771,  vol.  xix.,  p.  477:  ** Thermodynamics   without  the  Calculus."    Geoi^ 
Richmond. 

No.  831,  vol.  xxi.,  p.  172:    **  Exi)eriments  on   U.sing  Gasoline  Gas  for  Boiler 
Heating."     II.  Po^de. 

No.  861,  vol.  xxi.,  p.  mi  :  "Gas  Engine  Hot  Tul)e  as  an  Ignition-Timing  Device." 
\V.  T.  Magruder. 

No.  875,  vol.  xxii.,  j).  152  :  *'  Efficiency  of  a  Gas  Engine  as  Modified  by  Point  of 
Ignition."    C.  V.  Kerr. 

No.  879,  vol.  xxii.,  p.  312:  "A  New  Principle  in  Gas-engine  Design."    C.  E. 
Sargent, 
t  **  An  Efficiency  Test  of  a  125-hor8e-power  Gas  Engine,"  Trans.,  vol.  xxi.,  p. 

396.  No.  843. 
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The   Plant 

^^  < 

2.  The  plant  tested  is  owned  by  the  Merchants'  Electric  Light- 
ing Association,  of  LaFayette,  Ind.  It  was  installed  in  the 
winter  of  '97  and  '98,  and  had  for  its  motive  power  two  125-hor8e- 
power  Westinghouse  gas  engines,  with  the  appropriate  electrical 
machinery  for  generating  commercial  electric  light  and  power 
current.  The  gas  engines  are  of  the  vertical  three-cylinder  type, 
and  work  on  the  Beau  De  Bochas  or  Otto  cycle.  The  pistons 
have  a  diameter  of  thirteen  and  a  stroke  of  fourteen  inches. 

3.  The  gas  and  air  on  its  way  to  the  engine  passes  through  what 
is  known  as  the  mixing-valve  chamber,  at  the  top  and  bottom  of 
which  are  two  horizontally  moving  levers,  with  pointers  swing- 
ing over  graduated  arcs.  The  upper  lever,  by  turning  a  cylin- 
drical valve  within,  changes  the  area  of  the  port  for  admitting 
gas.  The  lower  lever,  by  means  of  a  similar  device,  changes  the 
area  of  the  air-admission  ports.  The  grp»duations  on  the  arcs 
are  such  as  to  give  the  ratio  of  gas  to  air  which  has  passed  to 
tlie  interior  of  the  mixing  valve.  Without  in  any  way  affecting 
the  above  setting,  a  flyball  governor  is  so  connected  to  the 
mixing  valves  as  to  give  them  a  motion  in  the  direction  of  their 
length.  This  motion  is  utilized  in  varying  the  area  of  the  ports 
through  which  the  mixture  passes  on  its  way  to  the  cylinders. 
It  is  thus  seen  that  the  speed  of  the  engine  is  controlled  by 
throttling  the  mixture  of  gas  and  air  without  in  any  way  affect- 
ing its  quality,  and  that  a  working  impulse  is  given  every  two- 
thirds  of  a  revolution,  whether  the  load  is  heavy  or  light. 

4.  One  of  the  cylinders  of  the  engine  is  so  arranged  that  it  can 
be  quickly  and  easily  converted  into  a  single-acting  compressed- 
air  engine.  By  its  use,  momentum  enough  is  secured  to  lightly 
compress  a  charge  in  one  of  the  remaining  cylinders,  which,  on 
ignition,  augments  the  speed,  so  that  the  air  cylinder  may  be 
thrown  into  its  normal  Avorking  condition.  A  back  view  of  the 
engine  is  shown  by  Fig.  208.  The  exhaust-cam  levers  are  seen 
at  the  top  of  the  crank  case,  and  the  compressed-air  supply  pipe 
between  the  fly-wheel  and  the  right-hand  cylinder.  In  the  lower 
left-hand  corner  of  the  picture  may  be  seen  the  belt-driven  air 
compressor.  The  air  is  stored  in  steel  cylinders  under  a  pres- 
sure of  160  pounds  gauge. 

5.  The  cylinder  walls  are  kept  cool  by  the  use  of  water-jackets. 
The  plant  is  so  piped  that  city  water  may  be  used ;  but  ordinarily 
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a  small  belt-driven  pump  takes  the  water  from  a  cistern  below 
the  repair-room  floor,  and,  after  passing  it  tLrough  the  jackets, 
delivers  it  to  the  top  of  a  cooling  tower. 

.  The  plant  is  located  in  a  portion  of  the  city  near  which  are 
mauj  residences.  It  was,  therefore,  a  matter  of  importance 
that  the  noise  of  exhaust  should,  not  be  ofifeusive.  The  exhaust 
pipe    was   connected   uudergrouiid   to   a    cistern    outside    the 


building,  open  to  the  air  at  its  top  through  a  tile  of  ten  inches 
diameter. 

7.  Two  circuit  breakers  are  mounted  in  each  igniter  plug,  one 
being  held  in  reserve  for  emergency.  The  igniter  is  operated  by 
a  cam  of  spiral  form,  with  a  radial  notch.  It  is  so  connected 
that  just  as  the  cam  reaches  its  greatest,  throw  the  circuit  is 
completed  within  the  cylinder,  to  be  broken  an  instant  later  by 
the  dropping  of  the  igniter  rods  into  the  notch  of  the  cam.  For 
a  more  complete  description  of  the  building  and  machinery  the 
reader  is  referred  to  the  original  paj^er.  (See  reference  to  No, 
843  supra,) 
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Changes  in  thr.  Plant. 

Since  the  teats  reported  in  '99  were  run,  a  uuraber  of  changea 
have  been  made  in  tlie  plant.  On  accouut  of  the  uncertainty  of 
the  supply  of  natural  gas,  one  of  the  gaa  engines  Laa  been 
replaced  by  a  150- horse -power  Westinghouae  steara  engine,  and 
a  boiler  plant  of  Sterling  water-tube  boilers.  The  second  gas 
enpne  was  taken  out  and  completely  overhauled  and  remodelled 
by  the  builders.  This  engine,  upon  being  reinstalled,  was  run 
for  about  two  weeks,  in  order  that  it  might  be  adjusted  and 


gotten  into  good  condition,  after  which  the  tests  here  given  were  j 
run.  A  picture  of  the  plant  aa  it  now  appears  18  sliown  by  I 
Fig.  203,  and  a  plan  of  the  ground  floor  by  Fig.  210. 

9,  The  principal  changes  in  the  gas  engine  were  as  follows  : 

Fi.rst :  Cylinder  oil  was  substituted  in  the  crank  case  for  a 
mixture  of  cylinder  oil  and  water,  as  previously. 

Bewnth  Larger  openings  were  provided  for  the  supply  of  air 
to  the  mi  sing- valve. 

Third:  Exiernal  pipe  connections  were  supplied  for  passing 
the  cooling  water  from  the  head  to  the  jaekpt  of  the  cylinder, 
rather  than  have  it  pass  directly  through  cored  holes,  as  before. 

FouHli :  The  cooling-water  ]tipea  wore  made  larger. 
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Fi/fk :  The  old  cylinders  were  replaced  Lj  iiew. 
Sixth;  Various  minor  details  of  mechanism  were  improved 
and  refitted. 

Auxiliary  Apparaliif,  CahtdaUi/iis,  cfr. 

10.  A  description  of  apparatus,  methods  of  observation,  calibra- 
tion, and  calculation  may  be  found  in  appendices  as  follows  : 

(I.)  Tuning-fork  Chronograph  for  determining  speed  variation, 
para^aph  25. 
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(IL)  Heating  Yalue  of  Gas,  paragraph  33w 
(III.)  Pyrometer  for  Exhaust  TemperatnreSy  paragraph  36. 
(lY.)  Observatioik  oad  Computaiioiifl,  paragraph  40. 
(Y .)  MiseeIIaBeoi]»  Apparatus,  paragraph  57. 

The  Testa. 

11.  The  specifie  object  of  the  present  paper  is  to  make  a  rather 
complete  statement  of  the  results  secured  from  those  tests  on 
the  gas  engine  which  were  considered  as  the  most  reliable. 
The  tests  selected  were,  first,  one  of  six-hour  duration,  in  which 
the  load  was  that  ordinarily  found  on  the  station  on  Saturday 
night,  and,  second,  a  series  of  five  short  tests,  in  which  the  load 
was  absorbed  and  measured  by  means  of  a  Prony  brake. 

12.  Acknowledgment  should  be  made  of  the  efficient  and  pains- 
taking service  of  Messrs.  J.  H.  Berryhill,  H.  S.  Oolbum,  0.  D. 
Park,  M.  W.  Priseler,  and  M.  B.  Wells,  who,  as  senior  students 
in  Purdue  University,  and  under  the  supervision  of  the  writer, 
secured  the  data  which  serves  as  the  basis  of  this  paper.* 

13.  A  brief  outline  of  the  points  investigated  is  as  follows : 

(1)  Miscellaneous  Items ; 
(a)  Heating  Yalue  of  Gas. 
(ft)  Temperature  of  Exhaust. 
{c)  Speed  Regulation. 

{(J)  Best  Proportion  of  Gas  and  Air. 

(2)  Power  Developed : 

{a)  Indicated  Horse-Power  (I.  H.  P). 
(6)  Brake  Horse-Power  (B.  H.  P). 
{c)  Electrical  Horse-Power  (E.  H.  P  . 
icl)  Frictional  Horse  Power  (F.  H.  P). 

*  "  A  Series  of  Efficiency  Tests  on  a  125-liorse-power  (ias  Engine  and  a  150- 
liorse-power  Steam  Engine  under  Similar  Conditions  of  Operation."  Graduating 
thesis  of  J.  H.  Berryhill,  B.S.,  II.  S.  Colbum,  B.S.,  C.  D.  Park,  B.S.,  and  M.  R. 
Wells,  B.S..  1900. 

"  A  Determination  of  the  Speed  Variation  of  a  125-lior9e-power  Qas  Engine.*' 
Graduating  thesis  of  M.  W.  Priseler,  B.S.,  1900. 

The  writer  desires  to  acknowledge  the  assistance  of  Mr.  Q.  A.  Young,  B.  8., 
who  aided  greatly  in  the  su])eryision  of  certain  parts  of  the  work,  and  in  reduc- 
tion of  data  ;  also  the  assistance  of  Messrs.  £.  B.  Smith  and  A.  B.  Golden,  who 
gave  careful  attention  to  all  electrical  measurements ;  also  the  many  helpful 
suggestions  of  Mr.  W.  P.  Flint,  who  was  present  as  a  representative  of  the  West- 
inghouse  Machine  Company  during  the  progress  of  the  tests. 

Acknowledgment  is  also  niado  of  the  many  courtesies  of  Mr.  Charles  Dixon, 
the  manager  of  the  Merchants'  Electric  Lighting  Association. 
40 
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3.  Resulting  Efficiencies : 
(a)  Thermal  efficiency  of  engine 

_       B.  T.  U.  equivalent  to  a  H.  P.  hoar 
~~  B.  T.  U.  in  gas  burned  per  B.  H.  P.  hour' 

ib)  Thermal  efficiency  of  plant 

__      B.  T.  U.  equivalent  to  a  H.  P.  hour 
~  B.  T.  U.  in  gas  burned  per  E.  H.  P.  hour* 

(e)  Mechanical  efficiency  =     '      '     . 

4  Heat  Balance : 

(a)  Heat  Given  to  Water-jacket 

(6)  Heat  Consumed  in  Work. 

(c)  Heat  Exhausted  and  Badiated. 

The  Six-hour  Test. 

14.  Miscellaneous  Fads, — In  the  tests  reported  at  the  December, 
1899,  meeting  of  the  Society,  no  attempt  was  made  to  put  the 
engine  in  particularly  good  condition,  nor  was  any  attempt 
made  to  give  the  plant  special  attention  during  the  test,  the  de- 
sire being  to  determine  its  performance  under  the  conditions 
and  care  which  it  received  in  evervdav  practice.  On  the  tests 
here  reported,  this  was  not  true.  The  engine  had  just  been  re- 
ceived from  the  factory,  where  it  had  been  thoroughly  over- 
hauled, and,  after  being  erected  in  the  plant,  it  was  adjusted  by 
a  representative  of  the  company,  who  was  present  throughout 
the  tests. 

13.  The  test  began  at  J^>  p.m.,  and  ended  at  12  p.m.  (May  5, 1900). 

At  about  6.15  the  igniter  on  the  middle  cylinder  was  acci- 
dentallv  short-circuited  bv  a  metal  hook  on  an  indicator  cord. 
The  speed  of  the  engine  decreased  slightly  before  the  trouble 
was  discovered  and  remedied. 

At  about  7.45  the  belt  slipped  to  such  an  extent  as  to  cause 
the  lights  to  grow  dim  before  it  could  be  tightened. 

At  about  9.-45  it  was  found  that  pounding,  due  to  premature 
ignition,  was  taking  place  in  the  third  cylinder,  and  more  jacket- 
water  was  then  passed  to  reduce  the  temperature  of  the  cylin- 
der. 

Several  times  during  the  test  indicator  cords  broke,  causing 
the  loss  of  i  '^ards. 
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defleotometer  was  placed  on  tlie  mixing  yalye,  bnt  its  read- 
ings were  not  used  in  calculating  results. 

An  attempt  was  made  to  determine  the  per  cent  of  carbon 
dioxide  (00,)  in  the  exhaust  gas  by  means  of  an  Amdt  econo- 
meter.    The  results  were  not  satisfactory. 

16.  Bemdts. — The  running  log  and  calculated  results  of  the  six- 
hour  test  may  be  found  in  Table  I.  The  principal  items  of  the 
table  are  shown  graphically  by  Fig.  211.  The  methods  of  observa- 
tion and  calculation  are  given  in  paragraph  40.  Indicator  cards 
are  shown  by  Figs.  212  to  215.  The  relation  between  the  gas 
per  indicated  horse-power,  per  brake  horse-power,  and  per  elec- 
trical horse-power,  and  the  corresponding  horse-powers  is  shown 
by  Fig.  216.  The  points  selected  in  drawing  these  curves  were 
those  of  every  tenth  reading  of  the  test  (Table  I). 


TABLE  II. 


Rcsumd  of  Data. 


Indicated  horse-power 

Brake  horfe-powtT 

Electrical  horBe-power 

Frictional  horse-power 

Mechanical  efticiencv  of  cnpiiio  (per  cent.). . . 
Standard  gas  per  inuicated  hor!>e-power  hour. 

standard  \ifi»  per  brake  hors('i)Ower  hour 

IStandard  irus  per  electrical  horse-power  hour 
Thermal  efficiency  of  engine  (per  cent.) 
B.  T.  U.  cq.toB.  H.  P. 


B.  T.  r.  in  ca-« 
Thermal  efficiency  of  plant  (per  cent.) 
B.  T.  U.  eg.  toE.  II.  P. 

B.  T.  r.  in  eras 
British  Thermal  Units  per  I. 


Six-hnMir  Test 


ATonige 
of  Test 


II.  P.  per  minute. 


118.18 
92.10 
87.1? 
30.98 
79.39 
10.62 
13.ft9 
14.49 

90.05 


18.94 
171.66 


Lowest 
of  Test 


51.69 
80.81 
5».7r 
14.72 
OT.88 
9.70 
11.29 
11.97 

10.76 


10.05 
158.7« 


Highest 
ofTett 


142.87 

vatM 

115.96 
31.01 
89.06 
18.99 
24.87 
26.10 

28.24 


31.02 
226.13 


Five  Short  Testa. 


Lowest 
of  Teste 

Hi^est 
of  Tests 

18.57 
0 

164.22 
148.17 

17.08 

0 

«.87 
11.51 

21.05 

87 

25.8 

228 

17.  A  resume  of  the  data  is  presented  in  the  first  part  of  Table 
II.  There  it  may  he  seen  that  the  average  indicated  horse-power 
for  the  test  was  about  113,  the  highest  being  142  and  the  lowest 
52.  Corresponding  brake  horse-powers  were  92, 123,  and  31.  The 
frictional  horse-power  varies  from  15  to  31,  the  average  being 
about  21.  The  mechanical  efficiency  is,  of  course,  low  at  low 
power.  The  highest  figure,  89  per  cent,  is  certainly  good  for  a 
gas  engine.  The  gas  per  indicated  horse-power  became  as  low 
as  9.7  and  per  brake  horse-]>ower  11.29.  The  averages  for  the 
test  in  regard  to  these  two  items  are  10.62  and  13.69  respectively. 
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REAOrNGNO.  1         TOTAL  l.H. P.  -  8642 


AVE.  AREA 
LENGTH 
M.E.P. 
MAX.  PRES. 
MAX.  COMP. 
SPRING 


-  .68  IN. 

-  3.33  •• 

-  49.01  LBS. 

-  140    " 

-  60    '• 

-  240     *• 


Cylindeb  No.  1 


READING  NO.  13      TOTAL  l.H. P.  -  125.61 


AVE.  AREA 

.99  IN. 

LENGTH 

— 

3.36   •• 

M.E.P. 

- 

70.71  LBS. 

MAX.  PRES. 

- 

260     " 

MAX.  COMP. 

— 

95     •• 

SPRING 

240     •• 

Cylindeu  No.  1 


READING  NO.  25        TOTAL  l.H. P.  -  132.42 


AVE. 

AREA 

— 

1.03  IN. 

LENGTH 

- 

3.40 

it 

M.E.P. 

— 

72.71 

LBS. 

MAX. 

PRES. 

— 

260 

t< 

MAX. 

COMP. 

— 

100 

ti 

SPRING 

_ 

240 

tt 

K"iK-rt->ou 


Cylinder  No.  1 


b'ui.  212. 
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AVE.  AREA 

— 

1.12  IN. 

LENGTH 

- 

3.42  " 

M.E.P. 

- 

78.60  LBS. 

MAX.  PRES. 

- 

300     •• 

MAX   COMP. 

- 

130     '• 

SPRING 

. 

240     •• 

CvhiNDEi:  Xo.  1 


Cylindek  Xo.  2 


Kub«rtyjU 


Cymndeu  Xo.  3 
Fid.  213. 
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REAOINQ  NO.  87 


TOTAL  I.H.P.=»13M1 


AVE.  AREA 

-• 

1.07  IN. 

LENGTH 

.. 

339" 

M.E.P. 

— ' 

7S.75  LBS 

MAX.  PRE8. 

— 

270  •• 

MAX.  COMP. 

- 

1«0    " 

SPRING 

— 

240    « 

Ctundbr  No.  1 


READING  NO.  49 


TOTAL  I.H.F.  - 128.80 


AVE.  AREA 
LENGTH 
M.E.P. 
MAX.  PRE8. 
MAX.  COMP. 
SPRING 


-  .06  IN. 

-  3.87  « 

-  60.70  LB8, 

-  240    •• 

-  100    *• 

-  240    •• 


Ctlinder  No.  1 


READING  NO.  6\ 


TOTAL  LH.P.  =  96.66 


Robcrlsou 


Cylinder  No.  1 
Fig.  214. 
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Cylinder  Xo.  1 


Cylindkk  No.  3 


itllleil>.a 


CVLINDKK    No.  3 

Imo.  21o. 


ErnOIKNOY  T£ST8  OF  A  OAB  ffif<^S.  026 

18.  The  thermal  efSciency  of  the  engine,  in  terms  of  brake 
horse-pcnrMr,  is  of  interest,  find,  st  its  best,  tfhows  that  nearly  one 
quarter  of  the  energy  of  the  gas  is  realized  at  the  fly-wheel.  The 
next  figsre  in  ibe  table  shows  that,  at  its  best  performance,  some- 
irhai  nM»e  than  i  of  the  heat  of  the  gas  wag  zealued  in  electrical 
horse-pover  at  the  Bwitchboard.  The  figures  on  Kiitish  thermal 
nnitB  per  indicated  horse-power  per  minnie  are  presented  for 
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the  pnrposes  of  comparison  with  steam-engine  performances. 
The  best  figure  in  this  regard,  157,  has  never  been  realized  in 
8  team -engine  practice. 

19.  The  Series  of  Short  Tests.— One  of  the  unexpected  things  to 
the  author,  in  the  discussion  of  the  paper  presented  in  '99,  was  the 
attention  given  to  tlie  approximate  determination  of  the  distriba- 
tion  of  lieat  between  the  equivalent  of  the  indicated  horse-power, 
the  jacket,  and  the  exhaust.  This  sn^ested  the  desirability  of 
making  a  series  of  short  teats,  in  which  each  test  should  be  onder 
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constant  liorse-power,  these  liorse-powers  varying  with  the  dif- 
ferent tests  from  zero  to  the  maximum  capacity  of  the  engine, 
tlie  observed  data  being  such  as  would  permit  an  accurate  de- 
termination of  this  and  of  other  important  factors.  Accordingly, 
such  a  series  was  attempted,  the  running  logs  of  which  are  to  be 
found  in  Table  III.  In  all,  seven  tests  were  run,  but  the  data  of 
two  of  these  were  considered  unsatisfactory,  and  so  they  are 
omitted  in  the  presentation. 

20.  In  general,  the  methods  of  observation  and  calculation  were 
the  same  as  those  described  for  the  six-hour  test.  Unfortunately, 
connections  for  the  thermo-electric  joints  were  broken,  so  that  no 
data  were  secured  for  the  exhaust  temperature. 

A  summary  of  the  averages  from  running  logs  and  the  calcu- 
lated results  therefrom  is  given  in  Table  IV.  From  an  examina* 
tion  of  this  data,  it  will  be  seen  that  tests  were  run  on  May  4:th 
and  5th,  and,  with  the  exception  of  the  first,  all  were  of  45  minutes 
duration.  The  power  developed  by  the  engine  was  absorbed 
and  measured  by  means  of  a  Prony  brake. 

Indicator  cards  from  each  test  are  shown  by  Figs.  217  to  221. 

21.  The  principal  calculated  results  are  shown  graphically  by 
Figs.  222  to  225.  The  distribution  of  heat  between  the  equivalent 
of  the  indicated  horse-power,  the  water-jacket,  and  the  exhaust  is 
shown  by  Fig.  222.  This  diagram  was  constructed  by  first  plot- 
ting the  percentage  of  heat  equivalent  to  the  indicated  horse- 
power against  the  brake  horse-power  of  the  engine.  The  per 
cent  of  heat  absorbed  by  the  jacket  was  next  i)lotted  downward 
from  the  top  of  tlie  same  scale,  leaving  as  a  difference  between 
the  two  the  amount  radiated  and  exhausted.  As  might  be  ex- 
pected, the  per  cent,  appearing  as  indicated  horse-power  increases 
with  an  increase  of  horse-power.  The  per  cent,  absorbed  by  the 
jacket  decreases  a  little  more  rapidly  than  that  equivalent  to  the 
indicated  horse-power  increases.  This  results,  of  course,  in  a 
net  increase  in  the  amount  radiated  and  exhausted. 

22.  At  the  lowest  horse-power  of  the  series  (zero  brake  horse- 
power)  the  per  cents,  in  regard  to  these  three  factors,  equivalent 
of  indicated  horse-power,  exhaust,  and  jacket,  were,  approxi- 
mately, JO,  32,  and  58  resi)ectively.  At  the  highest  horse-power 
(143  brake  or  104  indicated)  tlie  per  cents,  in  regard  to  these  three 
factors  were  26,  44,  and  30.  t 

The  heat  balance  may  be  made  from  another  standpoint,  and 
more  in  detail,  by  adding  the  j)er  cent,  equivalent  of  the  engine 
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AVE.  AREA 

«  .57    INS. 

LENGTH 

«  3.46  INS. 

M.E.  P. 

«  13.18  LBS. 

SPRING 

.  80        LBS. 

Cylinder  No.  1 


AVE. 

AREA 

^ 

.303  INS. 

LENGTH 

^, 

3.36  INS. 

SPRING 

^ 

80 

LBS. 

M.  E 

P. 

. 

7.21 

LBS. 

Cymnder  No.  2 


AVE. 

AREA 

M 

.32  INS. 

LENGTH 

a. 

3.42  INS. 

SPRING 

r. 

80     LBS. 

M.  E. 

P. 

_ 

7.49  LBS. 

RoberUoa 


Cyi.indeu  No.  3 
Fig.  217. 
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Cylisdei:  No.  1 


A'.E.  /p:a 

-    :.C5  INS. 

LENGTH 

«  3.38  INS. 

L'-^  NO 

.  80      L3S. 

N*.  E    '  . 

»   L~5.08  LBS 

Cylindei:  Xo.  3 


AVE.  A~EA 

LENi.lH 

SrK^NC. 

r.  E.p. 


1.125  INS. 
3.39  INS. 
PO  LBS. 
26.54  LBS. 


Cylindgk  No.  3 
Fio.  1218. 


UobcrUtm 


CCLlSDEll  ^O.  8 


Ctlindkk  No.  3 
Fill.  210. 


I 


C32 
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AVE.  AREA 
LENGTH 

S=R  =  NO 


-  1.15  IN. 

-  3.45  IN. 

-  240  LBS. 

-  80.00  LBS. 


Ctlindek  No.  1 


AVE.  AREA 

LENGTH 

SPRING 


-  1.17  IN. 

-  3.40  IN. 

-  240  LBS. 

-  82.94  LBS. 


Cylinder  No.  2 


Jl^jbcrlwui 


Cyli.ndki:  N«).  d 
Fic.  220. 
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AVE.  AREA  - 

1.30  IN. 

LENGTH       - 

3.48   '• 

SPRING        » 

240  LBS 

M.E.P.           - 

89.65      •• 

Cylinder  No.  1 


Cylinder  No.  2 


Kl  L>v  .  V 


Cylinder  No.  3 
Fig.  221. 
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friction  to  the  amonDt  exhausted  and  radiated.  Thia  ia  irell 
shown  in  Fig.  223,  vhere  the  exhaust  and  radiation  area  ia  not 
boonded  by  the  indicated  horse-power,  but  by  the  brake  horse- 
power curve,  thus  including  the  friction  of  the  engine.  Thia  per 
cent  of  friction  area  represents  a  double  operation :  first,  the 
transformation  of  heat  into  work  on  the  piston,  and  second,  the 
reconTersions  of  this  energy  into  heat     This  method  of  analysis 
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increases  the  figures  for  exhaust  and  radiation  liy  the  amount  of 
the  friction  of  the  engine. 

When  divided  in  tliis  way  and  at  zero  brake  horse-power, 
about  58  (ler  cent  of  the  heat  given  to  the  engine  is  absorbed  by 
the  jacket,  and  42  per  cent  ia  exhausted.  When  the  horse- 
power is  maximum  1^164  indicated  or  142  brake),  about  23  per 
cent  is  realized  in  work  at  the  fly-wheel,  29  per  cent  goes  to  the 
jacket,  and  48  per  cent  is  lost  by  radiation  and  exhaust. 

The  chiirt  illustrates  very  nicely  the  well-known  fact  that  a 
decrease  in  jacket  produces  an  increase  in  exhaust  loss. 

2'^.  In  Fif;.  224,  the  straight  l!ne  shows  the  gas  consumed  per 
hour,  plotted  against  tlio  indicated  liorse-power.  This  illustrates, 
approximately,  the  Willans  law,  pointed  out  in  the  previous  paper. 


U^ti 
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It  should  be  said,  Lowerer,  that  a  slight  curve  vould  fit  the  points 
better  than  does  the  straight  line.  The  two  curres  ahow  the 
rplatioDs  of  gas  ]>er  horse-power  per  hour  and  horse-power. 
The  upper  is  in  terms  of  brake  horse-power,  and  the  lower  in 
terms  of  indicated  horse-power. 

Fig.  225  shows  the  cnrres  for  the  Tarions  efficiencies,  and  also 
that   for  frictional  horse-power.     The  cuires  for  thermal  effi- 
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cioncy,  based  on  brake  and  indicated  horse-power,  show,  as  a 
maximum,  '22.;)6  and  2-"i,8  per  cent,  rpspectively- 

24.  The  points  fi)r  frictional  horso-powei"  »how  some  yariation 
from  the  line  drawn  to  represent  thorn,  but,  on  tlie  whole,  they 
may  be  regarded  as  very  sjitinfactory.  In  the  experience  of  the 
author,  it  has  l>epn  found  to  be  very  difficult  to  secure  entirely 
consistent  data  for  the  frictional  horse-power  of  an  engine.  The 
curve  sliows,  on  the  wliole,  a  slight  increase  of  friction  with 
increase  of  loa<l.  The  average  friction  of  the  five  tests  in  horse- 
power is  19.9.  TliP  equation  of  tliis  line,  in  term  of  brake  horse- 
jxjwer,  ia  expresse<I  by  the  following : 
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F.  H.  P.  =  (F.  H.  P.)o+  C  X  B.  H.  P.,  in  which 

F.  H.  P.  =  frictional  horse-power. 

(F.  H.  P.)o  =  frictional  horse-power  at  zero  brake  horse  power. 

(7  =  a  constant. 

By  substituting  the  value  of  constants,  the  equation  becomes 
F.  H.  P.  =  18.57  +  .017  B.  H.  P. 

The  fact  that^the  frictional  horse-power  is  practically  constant 
means,  of  course,  that  the  mechanical  efficiency  should  show  an 
increase  with  an  increase  of  horse-power.  This  is  very  nicely 
illustrated  by  the  curves  for  this  factor,  the  data  of  which  were 
obtained  by  dividing  the  brake  horse-power  by  the  indicated. 
The  highest  value  (87  per  cent.)  would  be  considered  a  fair  one 
for  a  steam  engine  and  is  certainly  very  good  for  a  gas  engine. 

Appendix  I. 
Tuning-Fork  Chronograph, 

25.  Ordinarily,  the  speed  of  the  engine  was  determined  by  use 
of  hand-speed  indicators  and  by  means  of  two  revolution  counters 
driven  continuously  by  the  engine.  These  methods  gave  satis- 
factory indications  of  the  speed  at  which  the  engine  was  operat- 
ing, but  did  not  suffice  to  show  fluctuations  due  to  sudden  changes 
in  the  load.  In  order  to  make  determinations  of  such  fluctua- 
tions a  tuning-fork  chronograph  was  designed  and  constructed. 

This  apparatus  consisted  essentially  of  a  metal  drum  about 
4g  inches  in  diameter,  with  a  spindle  at  one  end,  terminating  in 
a  point  which  fitted  into  the  lathe-mark  of  the  engine  shaft.  On 
this  spindle  was  a  crank  which  engaged  with  a  hole  drilled  in 
the  engine  shaft,  and  thus  gave  motion  to  the  drum.  The  motion 
of  the  drum  was  transmitted,  by  means  of  gearing,  to  a  screw 
which  served  to  drive  a  carriage  carrying  a  tuning-fork,  in  a 
direction  parallel  to  the  axis  of  the  drum.  The  fork  was  kept 
in  vibration  by  an  electro-magnet.  On  one  of  the  prongs  of  the 
fork  was  a  pen  which  vibrated  with  it,  and,  by  marking  on  the 
paper,  made  a  graphic  record. 

26.  Time  intervals  were  also  marked  by  a  pen  operated  by 
another  electro-magnet.  A  clock  placed  in  a  battery  circuit, 
making  and  breaking  the  circuit  at  every  vibration  of  the  pendu- 
lum, caused  the  motion  of  the  pen.  The  entire  apparatus  was 
secured  to  a  base  wliicli  had  a  sliding  fit  in  a  wooden  channel. 
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This  channel  was  supported  on  levelling  screws,  so  that  the 
instrument  could  be  placed  in  a  level  position,  and  the  drum 
made  concentric  with  the  engine  shaft.  The  channel  being 
secured  in  position,  the  rest  of  the  apparatus  could  be  connected 
and  disconnected  from  the  engine  at  will. 

27.  Paper  coated  with  lampblack  was  used  to  secure  the 
records,  which  were  afterward  "  fixed  "  by  being  sprayed  with  a 
mixture  of  alcohol  and  shellac.  Before  beginning  the  test  it 
was  found  that  the  rate  of  vibration  of  the  tuning-fork  was  about 
248.3  per  second,  and  that  it  was  practically  constant. 

Records  were  taken  with  the  engine  under  different  loads,  part 
with  the  engine  under  a  brake  load  and  a  dynamo  load  combined, 
and  part  with  the  engine  under  a  dynamo  load  alone.  In  some 
cases  where  the  brake  was  employed  the  load  was  changed  from 
maximum  to  minimum  as  rapidly  as  possible,  and  the  amount  of 
change  of  load  recorded. 

28.  For  each  record  an  average  number  of  vibrations  per  revo- 
lution was  found.  See  Fig.  226,  which  is  a  reproduction  from  a 
section  taken  out  of  the  complete  record.  Here  the  engine 
motion  is  toward  the  left,  and  the  average  vibration  number 
found  was  57.  This  card  is  not  in  its  best  form  for  determining 
the  speed  variation.  By  laying  it  over  a  piece  of  paper  and 
pricking  through  every  57th  vibration  the  curve  w?o.  Fig.  227, 
was  determined.  From  m  to  p  and  from  tj  to  r  the  engine  is 
losing  speed,  and  from  p  to  q  and  r  to  o  it  is  gaining.  This 
same  curve  {i/to)  may  be  seen,  in  part  at  least,  without  prick- 
ing it  through  on  another  sheet  of  paper,  by  so  holding  the 
sheet  (Fig.  226)  that  the  eye  is  in  nearly  the  same  plane  as  the 
paper,  and  viewing  it  at  different  angles  until  the  line  of  the 
crests  of  the  waves  of  each  successive  revolution  appears  as  a 
smooth  curve  across  the  paper. 

29.  The  nearer  the  curve  mo.  Fig.  227,  api)roaches  a  straight 
line  the  more  nearly  constant  is  the  speed.  When  the  angle  of 
the  tangents  of  this  curve  increases  from  zero,  tlie  speed  of  the 
engine  decreases.  As  the  carve  is  regular,  the  speed  is  smoothly 
variable.  With  the  angle  of  the  tangent  loss  than  f  0  degrees,  the 
speed  increases  when  the  curve  is  ccmcave  downward  and 'de- 
creases when  the  curve  is  concave  upward.  AVith  the  angle  of 
tangents  greater  than  90  degrees,  these  statements  hold,  but  in 
a  reverse  order.  The  inclination  of  the  tangents  of  the  curve  to 
the  axis  is  a  measure  of  the  speed,  and  is  easily  expressed  in 
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revolutions  per  minute.     For  curve  mo,  tangents  were  drawn  at 
every  fifth  revolution  and  the  angle  measured. 

30.  The  manner  of  determining  the  revolutions  per  minute  for 
successive  revolutions  from  the  tangents  to  the  curve  mo  was 
as  follows  :  The  fraction  or  more  of  a  revolution  made  in  57  vi- 


(See   Fig.  227.)    The 


brations   or  _  *  —  of  a  second  = 

248.  .3  r 

number  of  revolutions  made,  divided  by  the  time  of  making 

them,  will  equal  the  revolutions  in  a  unit  of  time  (1  second). 


CURVES  OBTAINED  BY  PUOTTINO  AN  AVERAGE  NUMBER  OF  VIBRATIONS  FOR  EACH  REVOLUTION' 

RobertioD 

Fk;.  227. 


c  ±  c 


c 


The  revolutions  per  second,  ,  multiplied  by  60,  will  equal 

the  revolutions  per  minute ;  or,  expressed  algebraically, 

±1 
ft 

xievoiuuons  per  mmuio  =  ou       „y  , 

G  JL 

in  which 

c  (constant)  —  Circumference  of  drum  —  13.5  . 

c  (variable)  =  Distance  engine  gains  or  loses  per  revolution 

_      ^^ 
tan  rr' 

a  (constant )  =  Space  between  successive  revolutions  =  I", 

57 
T=  Time  for  57  vibrations  =  ,, '    .,  of  a  second. 

Of  =  Angle  of  the  tangent  of  the  curve  mo,  at  any 
point,  to  the  axis  c. 
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By  redaoing^ 
Bevolutions  per  minute  = 


=  60  ("4.85  ±  5j-i-} )• 

\  24.4  tan  a] 
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In  this  formula  it  will  be  observed  that  tbe  only  variables  are 
revolutions  per  minute  and  tan  a.  Tlie  relation  of  these  varia- 
bles is  represented  graphically  by  curves  B  and  C  on  Tig.  228 
for  all  values  of  «■  from  15  degrees  to  165  degrees  and  for  two 
different  average  numbers  of  vibrations  per  revolution. 

31.  By  means  of  this  chart,  Fig.  228,  the  various  speeds  ex- 
hibited by  the  curve  urn  of  Fig.  227  were  easily  determined. 
After  being  determined,  tliey  were  plotted  graphically  as  ahown 
by  Fig.  229,  where  it  may  be  seen  that  at  the  beginning  of  the 


642  EKF1CIK.\-CV   TE.--T^   UF   A   HAS   ENGIXE. 


*    1  1        1                M  t     >^|   1  1     ,  1             II 

•f    ■  '  '  1  '     11     1  i^-T         \ '  '     ;  '  ■  '  ■ 

V    '            1    I  /     !         ■      V      '       ' 

J.              1  /      ,  '    1  '  '   s 

4t'                            /                             '1                ■    I     -L 

"f                              1/         ™l.J.k.J..«~.m;.'        W    1                    1    L> 

Jn         '    I   \        '   /^                  1              1                  '             ' 

Jj..           '        /     1             ...  J,..».,,.                 I 

"^                 -      -    +-    -        -4-    -    -    - 

,;             :     :  ±:  :                            : 

±                               :: 

it          T 

i:  d:               XX 

::~:  :■   i[-'!::=:jE   « ±'   :>:jl-:i.:] 

'                                                                                11    1M"^LU    Jri.    HI    fli  >.    INO 

')             1.             '1             '>             'iTk               I             U              I)             u 

EFfJCIEXCV    TSSTS   OF   A    GAS    EKOINK  643 

record  the  speed  was  about  260.9  per  minute,  and  that  during 
the  next  10  revolutions  it  dropped  to  259,  at  which  point  the 
load  was  relieved,  aud  in  the  next  20  revolutious  the  speed  had 
risen  to  267,  from  which,  in  20  revolutions,  it  swnng  back  to  262.'i, 
fi'om  which  poiut  iraother  increase,  bnt  much  less  in  extent, 
occurred.  The  average  speed  for  the  60  revolutions  is  shown  by 
the  horizontal  straight  line,  and  is  2G3.  This  same  speed  vari- 
ation curve,  reduced  to  a  percentage  basis,  is  shown  in  Fig.  230. 
There  it  may  be  seen  that  the  maximum  variation  was  1.',  per 
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cent,  below  and  above  normal,  or  a  total  variation  of  3  per 
cent. 

The  record,  from  which  an  extract  is  shown  in  Fig.  231  was 
secured  when  the  engine  was  running  under  a  constant  load  of 
about  135  horse-power.  A  glance  across  the  record  shows  that 
the  crests  of  the  waves  fall  into  nearly  a  straight  line,  and  conse- 
quently that  the  speed  was  practically  constant. 

32.  A  summary  of  the  results  secured  by  means  of  the  tuning- 
fork  chronograph  may  be  found  in  Table  V.    On  the  whole,  this 

TABLE   V. 
Summary. 


Load. 


Av<»rajre 
R.  P.  M. 


Above 
Nunual. 


Below 
Normal. 


I 


Per  Cent.  Per  Cent, 


above 
Normal. 


Card  No.  1.  135  II.  P.f 

Card  No.  2,  135  II.  P.  to  35  II.  P.*. . 

Card  No.  3,  35  II.  P.f 

Card  No.  4,55  II.  P.f 

Card  No.  5,  135  II.  P.  to  35  II.  P.*. . 

*  Variable  load. 


206.05 

266.30 

205.70 

203. 

267. 

259. 

266.4 

266.6 

266.3 

269.0 

209.8 

209.35 

263.K5 

266. 

261.4 

.09 


1.5  ! 
.075" 
.075' 

.8    '■ 


below 
Norm«L 


.16 
1.5 
.087 
.094 
.9 


t  ConsUmt  load. 


part  of  the  investigation  shows  good  governing.  It  may  be  said 
that  it  is  not  as  good  as  that  which  is  guaranteed  for  many  steam 
engines.  This  is  unquestionably  true,  but  it  may  also  be  said 
that  this  governing  is  better  than  a  great  many  steam-engine 
governors  in  commercial  work  are  giving. 


Appendix  II. 

Ileatinxj  Value  of  the  Gas. 

33.  The  heating  value  of  the  gas  was  determined  by  means  of  a 
Junker  calorimeter  (Fig.  232).  This  consists  essentially  of  a  small 
water-jacketed  vessel,  inside  of  which  gas  is  burned  by  means  of 
a  Bunsen  burner.  The  gas  consumed  by  the  burner  was  meas- 
ured by  a  meter  especially  provided,  which  was  calibrated  before 
being  used.  The  heat  developed  was  carried  away  by  means  of 
the  jacket.  The  amount  of  heat  thus  carried  away  was  deter- 
mined by  measuring  the  amount  of  water  passing,  and  its  rise  of 
temperature.  A  copy  of  the  observed  and  calculated  results  is 
shown  in  Table  VI.    In  all,  eleven  determinations  were  made,  on 
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dates  extending  from  May  oik  to  May  lOtL.  On  acuount  of  im- 
proper conditiona,  only  four  of  the  eleven  determinations  are 
reported. 

34.  In  the  first  test  it  was  attempted  to  have  the  temperature 
of  the  chimney  {jases  just  equal  to  the  temperature  of  the  room. 


This  necessitated  a  high  initial  temperature  of  the  cooling  water, 
which  resulted  in  its  final  temperature  being  considerably  above 
the  temperature  of  the  room.  This,  in  turn,  gave  rise  to  consid- 
erable radiation  from  the  apparatus  which  thus  escaped  meas- 
urement, and  to  that  extent  tended  to  show  a  low  heating  value 
of  the  gas.  This  radiation  error  was  much  greater  tlian  that  due 
to  chimuey  losses.  To  make  it  practically  negligiblp,  the  initial 
and  tinal  temperatures  of  the  cooling  were  made  to  be  about  an 
equal  number  of  degrees  above  and  below  the  temperature  of  the 
room. 

35.  In  calculating  the  results,  the  amount  of  cooling  water  nsed 
was  determined  by  multiplying  the  number  of  cubic  feet  of  water 
by  the  weight  of  a  cubic  foot  at  the   temperature  at  which  ita 
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volume  was  measured.  The  pounds  of  cooling  water  thus  deter 
mined  were  multiplied  by  the  difference  in  the  heat  of  liquid  at 
its  final  and  initial  temperature,  which  gave  the  number  of  Brit- 
ish thermal  units  obtained  from  the  amount  of  gas  burned. 
Since  this  gas  was  at  neither  standard  temperature  nor  pressure, 
it  was  corrected  for  these  two  factors,  so  as  to  show  the  number 
of  heat  units  per  cubic  foot  of  gas  at  62  degrees  Fahrenheit  and 
14.7  pounds  per  square-inch  pressure.  No  correction  war  made 
for  the  water  of  combustion.  It  is  thus  seen  that  the  1  eating 
values  are  those  for  the  gas  burned  to  products  of  coml  ustion 
and  water  liquid  at  temperatures  of  about  60  degrees  Fahienheit 
for  the  first,  and  95  degrees  for  the  second.  The  British  thermal 
units  per  cubic  foot  of  standard  gas  (14.7  and  62  degrees  F.),  as 
shown  by  an  average  of  the  four  determinations,  are  969.85,  and 
this  value  was  used  in  calculating  all  thermal  efficiencies  of  the 
engine.  Had  correction  been  made  for  the  water  of  combustion, 
the  heating  value  would  have  been  lower  and  the  efficiencies  cor- 
respondingly higher. 

Appendix  III. 
Kxlia usf'fjas  Temperatures. 

36.  During  the  six-hour  te^^t  the  exhaust-gas  temperature  was 
measured  l\y  means  of  a  LeChatelier  pyrometer.  This  pyrome- 
ter consisted  essentially  of  a  thermo-electric  couple,  so  placed 
in  the  exluxiist  pipe  that  the  heat  would  develop  an  electric  cur- 
rent. This  current  was  led  by  suitable  wires  to  a  galvanometer, 
where  it  caused  a  defiection.  The  thermo-electric  joint  consists 
of  two  wires,  one  of  platinum  and  the  other  an  alloy  of  rhodium 
and  platinum.  At  the  point  of  juncture  these  two  metals  are 
soldered  to^jjetlier  and  the  whole  encased  in  a  porcelain  tube. 
Tlie  *2jeneial  appearance  of  such  a  couple  is  shown  in  Fig.  233. 

Oil  account  of  the  liij^di  cost  of  the  material  of  which  this  joint 
Avas  construe hul,  it  was  desired  that  the  two  parts  of  the  wires 
be  as  short  as  possible,  and  that  the  remainder  of  the  circuit  be 
m?ide  u]i  of  oi'linary  co]^])er  wire.  On  account  of  the  high  tem- 
perature, it  was  necessary  to  protect  the  soldered  joints  where  the 
copper  wires  were  attached.  This  was  done  by  encasing  the 
whole  in  a  Avater-jacketed  pipe,  a  section  of  which  is  shown  in 
Fig.  231.     This  whole  casing  was  then  screwed  into  the  exhaust 


648 


EfTICIENCY    TESTS   OF   A    QAS   ENGISE. 


pipe  of  the  centre  cylinder,  and  at  a  point  as  shown  in  tbe  same 
Fig.  234.  The  galvaDometer  was  placed  on  a  brick  foundation 
some  twenty  feet  away. 

37.  The  method  of  the  calibration  employed  was  to  place  the 
joint  in  a  liquid  of  known  temperature  and  note  the  resulting  de- 
flection of  the  galvanometer.    Mercury  was  used  as  this  liquid  for 


temperature  up  to  676  degrees.  The  melting  point  of  alumintiin 
(1,157  degrees)  was  used  for  the  highest  point  in  the  calibration. 
When  using  mercury  an  accurate  mercurial  thermometer  was 
nsed  to  observe  temperatures.  For  melting  aluminum  a  special 
Chaddock  burner  was  nsed.  Fi'om  previous  calibrations  it  was 
known  that  the  calibration  curve  was  a  straight  line.  Such  a 
previous  calibration  curve  is  shown  in  Fig.  235.*  From  knowing 
this  fact,  and  also  beenuse  trouble  was  experienced  with  the 
cracking  of  the  protective  covering,  it  was  deemed  unnecessary 


•  ■'  Tlie  Friction  nf  Brake  Shues  iindor  Various  C"iirtltiora  of  PrepBiire.  Speed, 
nm!  Tenipemtnre; "  a  pnper  bcfory  tbe  8ept*'mb<T,  1900,  meeting  of  the  Weeteni 
Uailroari  CKib  by  Prof,  R.  A.  Sranrt. 
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to  calibrate  to  the  highest  point  at  which  the  joint  vas  to  be 
used. 

38.  Two  oalibrations  were  made,  one  on  May  9th,  in  which  only 
mercarj  was  nsed.  This  calibration  is  Bhown  by  Btnall  crosses, 
Fig.  236.   Another  calibration  was  made  on  May  26th,  in  which  a 

LOCATION  OF  THERMO-ELECTRIC  COUPLE. 


greatov  I'aiige  of  temperature  was  secured.  This  ia  shown  on  the 
same  plate  by  tlio  clotted  circles.  It  was  from  tliis  curiae  that 
the  exhaust  temperatures  recorded  in  Column  17,  Table  I.,  were 
interpolated.  There  it  may  be  seen  that  the  lowest  temperature 
rei'orded,  1,410  degrees  Fahr.,  was  at  6,15,  and  that  the  highest, 
1,805  degrees,  was  at  8.30  to  9,20.  These  temperatures  appear 
to  be  rather  high — so  high,  in  fact,  that  the  author  has  examined 
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other  data  at  liand  to  see  if  any  coufirmation  of  the  above  figures 
coulil  bi'  foiinrl, 

39.  The  ilatft  secmvd  in  the  spring  of  '9.',  on  this  same  engine, 
show  tLat  the  temperature  of  the  exhaust  from  the  centre 
cylinder,  as  observed  by  means  of  a  copper-ball  calorimeter,  bad 


an  average  of  about  8  per  cent,  higher  than  that  of  the  outside 
cylinder.  (This  -was  taken  from  an  average  of  ten  readings  of 
the  left  and  centre  cylinders.)  During  a  test,  one  week  before 
the  one  here  recorded,  an  attempt  was  made  to  get  a  check  on 
the  thermo-electric  joint  readings  by  means  of  a  copper-ball 
calorimeter.  This  copper-ball  cjdorimeter  hail  been  placed  in 
the  exhaust  pipe  of  the  left  cylinder.  The  highest  temperature 
observed  by  it  during  the  test  was  l,tl05  degrees.     If  tliis  be 
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multiplied  by  the  factor  1.06  (the  previoosly  observed  ratio  of 
the  temperature  of  the  left  and  centre  cylinder),  the  residt  ap- 
pears  to  be  1,783  degrees.  In  view  of  the  fact  that  do  attempt 
was  made  to  correct  for  radiation  from  the  copper  ball  during  the 
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time  occupied  in  transferring  it  from  the  exhaust  pipe  to  the 
water  cup,  it  should  be  expected  that  the  determination  made 
by  its  use  would  be  somewbtit  lower  than  the  true  temperature. 
In  the  light  of  this  data,  it  was  concluded  that  the  thermo-elec- 
tric joint  reading  was  approximately  checked.    As  remarked 
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hefore,  the  results  seem  very  liigli,  and  it  was  expected  that  a 
verification  of  the  work  on  the  exhaust  temperature  would  be 
made  in  March  of  this  year.  This  was  prevented  by  the  fact  that 
tlie  engine  was  not  running  at  that  time,  on  account  of  the  supply 
of  natural  gas  being  sliut  off. 

The  results  of  the  thermo-electric  joint  readings  for  the  test 
(Col.  17)  are  shown  graphically  in  Fig.  :ill.  There  it  may  be  seen, 
as  might  be  expected,  that  the  temperature  rises  with  an  in- 
crease of  horse-power.  It  is  of  interest,  also,  to  observe  the  dip 
in  the  curve  at  0.15,  which  was  caused  by  the  centre  cylinder 
being  temporarily  out  of  action,  due  to  the  accidental  short-cir- 
cuiting of  the  igniters  by  one  of  the  steel  hooks  on  the  indicator 
cords. 

Appendix  IY, 

Oltscrvation  ami  CaJcKhitio)). 

40.  The  following  description  of  observations  and  calculations 
ap])lies  to  the  six-hour  tost  while  the  engine  was  carrying  the 
regular  station  load.  Tlie  data  mentioned  and  the  columns 
referred  to  mav  be  found  in  Table  I. 

During  the  test,  i)racti('ally  all  observations  were  at  five-minute 
intervals.  In  almost  all  cases  two  independent  observers  were 
employed.  Those  observers  wore  junior  and  senior  students  in 
mechanical  engineering,  and  all  had  had  si)ecial  training  in  such 
W(  )rk. 

41.  llevolutions  ])or  minute  (Cols.  4,  5,  6,  7,  8,  «*\nd  9». — The 
revolutions  of  the  en^^ine  were  determined  bv  three  methods. 
First,  by  means  of  a  hand  S2>eed  indicator;  second  and  third, 
bv  means  of  revolution  counters  driven  from  the  exhaust  valve 
stems.  Since  the  engine  works  on  the  Otto  cycle,  these  revolu- 
tion count(^rs  show  just  half  the  revolutions  of  the  engine  during 
the  time  observed. 

4*2.  Heat  absorbed  by  jacket  (Cols.  10,  11,  and  l'i\ — The  ther- 
mometers used  in  determining  the  initial  and  final  temperature 
of  the  jacket  cooling  water  were  inserted  in  the  pipes  just  before 
and  after  the  cooling  water  reached  the  jacket.  The  weight  of 
the  cooling  water  was  determined  by  running  it  alternately  into 
barrels  ])laced  on  platform  scales,  and  so  arranged  that  one  could 
be  weighed  and  emptied  while  the  other  was  being  filled.  The 
amount  of  heat  given  to  the  jacket  was  not  computed  for  this 
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test.  The  metbod  here  described  was  used  and  the  results 
computed  for  the  series  of  short  tests  (paragraph  331. 

43.  Temperatnte  of  engine  room  (Col.  13 1. — The  temperature  of 
the  engine  room  was  determined  by  means  of  a  thermometer 
sospended  near  the  intake  end  of  the  air-supply  pipe  to  the 
engine. 

H.  The  temperature  of  the  exhaust  (Cols.  14, 15, 16, 17.  and  18) 
was  determined  by  means  of  an  electric  pyrometer  as  described 
in  paragraph  36. 

45.  Proportion  of  gas  to  air  iCoIa.  19  and  20 (. — The  proportion 
of  gas  lo  air  was  assumed  to  be  that  shown  by  the  mixing  valves 
of  the  engine.  This  part  of  the  engine  is  very  accurately 
machined,  so  that  the  pointers  on  the  gas  and  air  valves,  re- 
spectively, indicate  the  relative  areas  of  the  air  and  gas  admis- 
sion ports.  No  attempt  was  made  to  determine  whether  or  not 
the  proportion  thus  shown  was  accurate,  but,  before  beginning 
the  test,  the  best  proportion  of  gas  to  air  in  terms  of  the  setting 
of  the  misiug  valves  was  touud  esperi mentally.  The  method  of 
procedure  was  to  put  the  engine  under  constant  brake  load,  and, 
with  a  given  setting  of  the  air  and  gas  valves,  to  determine  the 
amount  of  gas  consumed  for  a  given  time.  Then,  at  the  same 
brake  load,  another  proportion  was  tried.  In  this  way  the  best 
proportion  of  gas  and  air  was  accurately  determined,  in  terms 
of  the  setting  of  the  mixing  valve,  and  is  shown  in  Cols.  19 
and  20. 

46.  Temperature  of  the  mixture  of  gas  and  air  (Col.  21). — Tem- 
perature of  the  mixture  of  gas  and  air  was  determined  by  insert- 
ing the  bulb  of  a  thermometer  directly  into  the  distribution  pipe 
which  runs  across  the  front  of  the  engine  and  which  serves  to 
distribute  the  mixture  from  the  mixing  valves  to  each  of  the 
cylinders. 

47.  Gas  measurement  (Cols.  22  to  26). — The  natural  gas  nsed 
as  fuel  was  measured  by  means  o(  a  Westinghouse  wet  gas  meter 
of  5,000  cubic  feet  per  hour  capacity.  This  meter  was  tested 
before  beginning  the  tests  and  found  to  be  exact.  The  pressure 
and  temperature  of  the  gas  were  determined  just  as  they  en- 
tered the  meter,  the  one  by  means  of  a  mercury  U  tube,  and  the 
other  by  means  of  a  thermometer  the  bulb  of  which  was  inserted 
directly  into  the  gas  supply  main. 

48.  Governor  position  iCol.  27). — ^The  positions  of  the  goremor 
throughout  the  test  were  observed  by  means  of  a  deflectometer 
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SO  arranged  as  to  give  a  multiplied  motion  of  the  govemor  stem. 
Its  readings  are  merely  relative. 

49.  Indicator  cards  <  Cols.  28  to  34  >. — Indicator  cards  were  taken 
by  means  of  special  gas-engine  indicators,  one  placed  on  each 
cylinder  of  the  engine.  In  taking  cards,  the  pencil  was  held 
against  the  paper  for  from  3  to  5  revolutions,  in  order  that  a 
good  average  might  be  secured.  In  planimetering  the  cards  all 
those  diagrams  were  traced,  and  an  average  taken  for  all  of  each 
reading.  In  this  manner  the  mean  effective  pressure  for  each 
cylinder  was  determined. 

50.  Total  indicated  horse-power  iCol.  35 ». — The  following 
formula  was  used  in  calculating  tbe  indicated  horse-power  of  the 
engine  : 


H.-P. --.00235  P.V; 
in  which 

.00235  -^  H.-r.  constant  =        ^^^ 


14  X  3.1416  (^1)' 

2~^  33,()0d  ^  "  2  X  12  X  33,660" 

r  =  sum  of  mean  effective  pressure  of  the  three  cylinders. 
X  =  rovolutions  per  minute. 

51.  Average  indicated  horse-power  (Col.  36). — In  order  that 
curves  might  be  plotted,  showing  the  general  averages  and  per- 
formances of  the  plant  throughout  the  test,  the  more  important 
of  the  calculated  results  were  averaged  for  10-minute  periods. 
Tliose  averages  for  the  indicated  horse-powers  are  shown  in 
Col.  38.  Tlio  method  of  determining  the  average  values  shown 
in  this  column  was  to  divide  tlie  whole  series  of  observations 
into  a  series  of  lO-minuto  tests,  and  take  an  average  of  all  ob- 
servations during  the  10  minutes.  For  instance,  the  average 
indicated  horse-powor  for  tlie  first  10  minutes  of  the  test  was 
at  <).<>5,  and  is  the  average  of  the  indicated  horse-powers  86.42, 
88.06,  and  89.09,  the  indicated  horse-powers  as  determined  at 
6.00,  6.05,  and  6.10,  respectively.  This  average  horse-power  was 
87.86,  and  in  the  same  manner  were  determined  all  the  average 
indicated  horse-powers  shown  in  column  36.  This  same 
method  of  Jiveraging  was  used  in  all  the  readings  where  the  ob- 
served quantity  was  not  cumulative,  as,  for  instance,  in  the  gas 
measurement.  For  all  such  observations  the  actual  quantity 
measured  was  put  down  opposite  the  time,  midway  between  the 
beginning  and  the  ending  of  the  measurement  in  question. 
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52.  Dynamo  horse-power  iCoIb.  37  to  39j. — The  ontput  of  the 
dynamo  in  kilowatts  was  (letermined  by  the  use  of  accurately 
calibrated  apparatus.  In  all  cases  two  instruments  were  used 
for  each  observation,  iu  order  that  a  check  might  be  had.  Kilo- 
watts resaltiug  from  these  observations  are  given  in  Col,  37. 
From  them  was  I'alculated  the  output  in  electrical  horse-power 
(Col.  38l  From  previous  tests  on  the  dynamo  its  efficiency  was 
known.  By  dividing  the  items  of  Col.  38  by  this  efficiency  the 
total  input  of  the  generator  or  the  brake  horse-power  of  the 
engine  was  determined  (Col.  39).  In  making  this  calculation 
no  allowance  was  made  for  losses  due  to  slippage  of  the  belt. 

53.  Frictional  horse-power  of  engine  (Col.  ill). — This  item  was 
determined  by  subtracting  the  brake  horse-power  {Col.  39)  from 
the  indicated  horse-power  (Col.  36). 

54.  Mechanical  efficiency  of  engine  (Col.  41).- — This  item  was 
determined  by  dividing  (he  brake  horse-power  (Col.  39;  by  the 
indicated  horse-power  (Col.  36)  and  multiplying  by  100. 

55.  Standard  gas  per  horse-power  (Cols.  43  to  45).- — The  stand- 
ard gas  per  indicated  horse-power  hour,  per  brake  horse-power 
hour,  and  per  electrical  horse-power  hour,  was  determined  by 
dividing  these  corresponding  horse-power  hours  into  six  times 
the  standard  gas  per  10  minutes  (Col.  26). 

56.  The  thermal  efficiencies  (Cols.  46  and  47).— The  thermal 
efficiencies  of  the  engine  and  of  the  plant  are  shown  in  Cola,  46 
and  47,  respectivelj'.  These  efficiencies  were  calculated  by 
dividing  the  heat  equivalent  of  a  horse-power  hoar  by  the  British 
thermal  units  iu  the  gas  consumed  per  brake  horse-power  hour 
and  per  eieeti-ical  horse-power  hour,  the  beating  value  of  the 
gas  being  taken  as  969.85.     (See  paragraph  33.) 

Al'l'LSDl.X   V. 

MtuccUoneous  Jlpjtaratus. 

57.  The  indicators  used  in  the  test  were  all  especially  con- 
structed for  gas-engine  work.  That  on  the  cylinder  No.  1  was  of 
the  Crosby,  and  those  on  the  cylinders  Nos.  2  and  3  of  the  Tabor 
make.  The  springs  were  changed  from  time  to  time  to  adapt 
them  to  changes  of  pressure  due  to  changes  iu  the  load. 

58.  The  indicator  rig  consisted  of  a  small  set  of  three  cranks, 
turned  from  a  solid  piece  of  steel  and  attached  by  means  of  a 
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cap  to  the  end  of  the  engine  shaft.  Connecting  rods,  steel  wire, 
and  short  ^neces  of  indicator  cords  serve  to  transmit  the  motion 
over  h'glit  brass  pulleys  to  tlie  corresponding  indicators.  The 
springs  principally  used  during  the  tests  vfere  calibrated  and 
were  found  to  be  correct. 

59.  The  gas  was  measured  by  means  of  a  Westinghouse  wet  gas 
meter  that  had  a  capacity  of  5,000  cubic  feet  per  hour,  and 
when  tested,  before  beginning  the  series  of  tests,  was  found  to 
be  correct. 

GO.  All  thermometers  used  in  the  test  were  of  the  sort  in  which 
the  scale  is  engraved  on  the  glass  stem  ;  all  were  calibrated  after 
the  test.  All  used  the  Fahrenheit  scale  except  those  in  con- 
nection witli  the  gas  calorimeter,  which  were  graduated  ac- 
cording' to  the  Centi*'rade  svstem.  The  electrical  instruments 
used  were  : 

61.  A  Thompson  A.  C.  wattmeter,  a  Weston  wattmeter,  a 
Thompson  ammeter,  and  a  Whitney  voltmeter.  All  were  care- 
fully calibrated. 

inscrssiox. 

Jf/\  F.  A.  Sc/n^^t  r, — Will  tlie  author  please  explain  the  gi*eat 
variation,  and  wliicli  set^nis  to  nio  to  be  a  most  important  one, 
in  the  frictional  horse-power  of  the  en<rine  as  given  in  Col.  40  of 
Tal)le  1  ? 

The  first  tabulated  result  is  iU.OI  horse-power,  frictional,  with' 
total  indicattMl  lioise-i)ower  87.80  (Col.  ;3<)).  The  final  reading  is 
2:i.ss    horse-power    U'rictional),    witli  total  5^3. r>y   horse-power 

Midway  in  the  table  the  total  horse-j)ower  reading  of  134.46 
(Col.  o<))  is  given,  while  tlir  corresponding  frictional  lotod  is  only 
U.7iM:(\)1.  40). 

Analyzing  the  first  and  linal  readings  above  referred  to,  there 
is  a  variation  in  friction  of  engine  of  no  per  cent.,  or  with  the 
higher  load  the  friction  is  !»  horse-])ower  more  than  it  is  w-ith 
the  lighter  load.  l>ut  when  the  load  is  still  further  increaseil 
from  ST. 8*)  hoi'se-i)ower  to  l:.U.4t)  horse-poAver  the  friction  is  17 
hoi*se-poAver  h^is. 

This  variation  in  the  relation  of  load  to  friction  seems  to  run 
through  the  readings,  and  I  do  not  understand  how  reliable 
efficiencies  can  be  calculatetl  from  these  results. 
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Mr.  C.  n.  RQherimn*—\\\  reply  to  Mr,  Sclieffler's  question 
about  the  variation  in  the  fi'ictiooiil  borse-]x>wer,  I  would  say 
that  it  has  been  my  experience  that  it  is  very  difficult  to  securo 
entirely  consistent  datii  in  reganl  to  tlio  friction  of  an  engine, 
either  gas  or  steam.  I  presume  that  I  liave  seen  100  tests  on 
steam  engines  in  regard  to  this  pai'ticiUar  point,  and  I  have 
always  found  considerable  irregularity. 

I  think  this  is  due  mainly  to  two  causes.  The  frictional  horse- 
power is  gotten  as  a  difference  between  the  indicated  and  the 
delivered  horse-power.  Any  slight  error  in  determining  either 
or  both  of  these  would  appear  as  a  variation  in  tho  frictional 
horse-power,  and  since  compared  to  either  of  these  it  is  very 
small,  the  variation  might  be  proportionately  very  large. 

The  other  cause  for  variation  in  the  figures  wouhl  l)e  the  vari- 
ation in  the  friction  of  the  engine  due  to  changes  of  load  op  of 
lubrication.  An  examination  of  the  column  mentioned  or  of 
the  curve  for  frictional  horse-power  (Fig.  211)  shows  that  there 
were  no  very  sudden  fluctuations,  as  would  be  ox[>ecte«l  if  there 
had  been  any  considerable  error  in  the  determinations. 

On  the  other  hand,  the  data  show  a  quite  regular  variation, 
due  probably  to  changes  of  load  and  of  lubrication.  The  results 
are  as  consistent  as  are  those  generally  gotten  from  steam-engine 
tests,  and  inileed  those  shown  liy  Fig.  225  are  more  so.  It  is 
believed  by  the  author  that  the  power  determinations  are  as 
accurate  as  those  made  in  steam-engine  testing. 

*  AulLor's  clcuro.  under  the  Rules. 


C-y*  A>   VLi'hAjyUj  TVi X    -jr   LV<>jT-Et.\TL\o   ITBSACE- 


AX  IMPfrfVErt  TYPE  UF  IXfiOT-JlEATiyO  EinXACE. 


1.  In*  t:.'*-  pr'"»^r--=  ^'f  r^"-;  ■.:•-•: ni'  -'v-i  in :."••-  :■>  a  fonn  suitable  for 
fiiri.'-r  •;—  in  t::*^-  i:  ji.:i:a«-Turr  ■:•:  wire.  eir..  ik-  oficrdtion  is  of 
LT' M-'-r  ."::.]"•;••..:!;'■'•  •l.uJ:  tLijT  of  l-riiiiiii:::  tlif  iii::'»T  Tm  a  pn:>per  heat 
:'«r  .''''..i:.-.  K'-:*  =:.:-  |''ir|Mi-»'  ii  iiVirixl-vi  "1  iVinii-  of  heating  ap- 
T>;ii;i'':-  i.;i  "'•  ••'•«!i  -i'-vi-*-.!.  li.r  i-nrliv-T.  aii'l  ••in*  whit-h.  «.»n  account 
''!  ]•-  '.'...jii.y  *-:o-t\\i'i,*  i*-arii:»-.  -•i..  rfii.ain-  in  <.-««ii-iili-raMe  favor, 
v.n-  k.'i'/.vii  ;i-  ':;<-  *•  .S.-ukiiiL'  J'i-."  Wiii!»-  it  i-  iii-t  tlio  function  of 
■  ;.i-  Yit\}<'V  T.,  .i«--<Tiirf-  in  ilt-Tjii;  ?!,i-  arranu»'ii.»'i:T,  n«»r  ■r«.aue  others 
v.}ii/'L  },;;■•*-  :.»«-!i  ■i'-vi-r-t}  f.ir  a  -iii'iiiar  ]iiinN.-i*.  a  fi-w  sreneral  re- 
i:i;^j!r:-  r'-LMr':iii2  Hif-in  will  ii"T  !•♦•  *au  **i  |»!a*'i-. 

'1.  \  \.*'  -'•iikiiiL''  I 'it  T]i«ii,  a-  i:<'ii« -rally  u-t-il.  ri.iiii:ir>.  a<  the  name 
iinT/ji'-.  '}\  i\  *'\\i\\\\\*(Y  iiiTii  wiiirli  rhi-  iiinnT-  an*  rliarirtMl  verticallv 
ivhui  Uif-  T';|>.  aii'l  from  wliir-h  tIh-v  an-  laTi-r  rfiii'ivo«l  in  the  same 
iii^ijii«-r.  riii-  f«»riii  of  fnrija<-«-  i-  »!-••  -ui'piif-il  wirli  rcironerative 
'•lifunW'-r-  jtii'l  ^ii^'ir  r-MiH-iiiijitiiur  a<'«'f>-Mri«-.  I  In*  intr«Kliictiou  of 
Ti-r-  Y('u.ut-Y',\U\*'  priii^'i  jiU-  iiivnjvf-  iii.r  liiily  a  la  mo  tirst  cost,  in- 
c'.^'A'wi'j::  ;i  iiiiiiilM-r  "f  *->:|»r'ii-ivi-  thi<->.  Inu.  on  arrt»iinT  of  the  r?ome- 
v.hat  'oinjrli^'atril  -y-Tiiii  of  valv*-.  'f^'..  TJir  i-xjhmim*  of  maintenance 
i-  ■.r-rv  ^•oM-i'Kr}il»l*-.  A-.  ]»rf-\  ioii-ly  iiori-i],  in  an  arrangement  of 
tlii-  -orr,  T]j«-  in2*»T-  an-  '-har::**!  aini  «li-rl:ari:«Ml  from  the  top,  the 
o|i*  ijition  jn'^-'-^-iTaiinii  tiir-  n-nioval  of  tin-  r'lVcr  t»f  thi*  ]ut  every 
\\\'.\i-  an  in^'oT  i-  inrrotliuMMl  or  n-movr-.j.  A  iirj-at  amount  of  heat  is 
tlj«'r''for^-  allo\v<'<l  \n  i^o  to  \v;j-t^-  «liirinL''  ilii^  intrrval. 

o.  \*'>;t  in  til*'  onN']'  '"f  •l<v«li»j»m<nt  <'omrs  the*  Ih.iri/.ontal  heating 
fnrnaffr.  Tlii-  r-r,n-i-T-  of  a  lonir  narrow  passage  with  a  bridge  and 
r'onitni-tion  ^'lianiK^-r  at  on*-  cn^I.  tin-  other  <*nil  iM-inii"  <»p('ii  an<l  pro- 
virji'^i  with  a  sli'iin^  <loor.  Tliis  fnrnacc'  njay  l»e  «lin?ct  fired,  or  may 
MM',  ^as  fiirnisli(Ml  from  an  ont-idf.f  sonrco,  a>  desired.  Into  the  open 
rmd  of  tliiri  fiirnaee.  the  in^ot?,  after  beinir  turned  to  a  horizontal 
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■position,  are  pushed,  one  by  one,  generally  by  means  o£  a  hydrauHe 
apparatus.  As  they  approach  the  eombiistion  chamber  they  gradu- 
ally become  heated  to  the  required  temperature.  Here  they  are 
removed  through  an  opening  in  the  top  of  the  furnace.  To  facili- 
tate the  pushing  operation,  the-  f\iruace  is  provided  with  two  water 
pipes  laid  longitudinally  in  the  bottom,  on  which  the  ingots  rest 
during  their  passage.  This  furnace  is  compact,  and,  comparatively 
speaking,  may  be  cheaply  constructed  and  maintained.  It  possesses, 
however,  certain  disadvantages.  First,  if  the  ingot  is  not  entirely 
eolidified  inside,  upon  turning  it  down  to  a  horizontal  position  the 
molten  metal  may  break  through  the  thin  crust  at  the  top  and  run 
-out.  Second,  while  passing  through  the  furnace  the  ingots  are  of 
necessity  packed  closely  together  side  by  aide;  consequently,  the 
upper  side  alone  is  subjected  to  the  direct  heat  of  the  burning  gases. 
On  the  other  hand,  if  the  ingots  approaching  the  tire  box  become 
welded  together  on  account  of  excessive  heat,  as  sometimes  happens 
through  careless  heating,  they  are  particularly  difficult  to  separate. 

i.  A  consideration  of  the  inherent  defects  of  the  two  methods  of 
heating  ingots  just  outlined  has  led  to  the  development  and  con- 
struction of  the  vertical  heating  furnace,  and  later  to  its  most  recent 
adjunct,  the  electrical  pusher.  To  describe  this  latest  type  of 
furnace  in  detail,  and  to  disclose  its  method  of  operation,  is  the 
specific  purpose  of  this  paper. 

5.  In  the  accompanying  cuts,  Jigs.  238,  239,  240,  and  241  show 
respectively  a  semi-sectional  plan  and  a  sectional  elevation  of  the 
fui-nace  as  arranged  for  direct  firing.  Fig.  242  shows  an  elevation 
of  the  charging  end,  and  Fig.  243  a  semi-sectional  elevation  of  the 
firing  end.  Figs.  244,  245,  246,  and  247  show  a  semi-sectional  plan 
and  sectional  elevation  of  the  furnace  as  arranged  for  firing  with  gas 
from  an  outside  source;  Figs.  248  and  249  end  elevations  of  same, 

G.  The  main  body  and  the  combustion  chambers  of  the  fumncn 
are  constructed  of  fire  brick  as  is  usual.  Raised  from  the  floor  of 
the  furnace,  which,  as  may  be  noticed  from  Fig.  340,  slopes  gradu- 
ally from  each  end  toward  the  opening  A,  is  a  fire-brick  wall.  The 
latter  carries  a  hea^'V  wrought-iron  pipe  B,  in  which  water  is  con- 
tinually circulating.  Two  pipes  may  he  used  so  as  to  give  more 
of  an  incline  to  the  ingots  if  deemed  necessary.  At  the  firing  end 
of  the  furnace  is  a  pit  C  filled  with  sand,  which  produces  a  fluid  and 
free  running  slag,  ser^-ing  also  as  a  hot  bed  for  the  removal  of  cold 
spot  on  the  base  of  the  ingot  due  to  contact  with  pipe  B. 

7.  In  the  side  walls  of  the  furnace  the  pipes  DD  are  introduced 
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as  shown.  These  arc  iiisc-ited  in  si'ctions,  tlio  ends  of  which  are 
firmly  clamped  outside  of  the  funiaco,  so  as  to  secure  a  rigid  support 
for  iiifiots  whifli  Icnn  nji'iiinst  tlicm.  as  Inter  described. 

J*.  ^Vt  the  firiufr  end  of  the  furnace  a  pijie  V  is  let  into  the  wall  as 
shown,  to  serve  as  a  siipiwrt  for  an  in^ot  nhont  to  be  withdrawn. 


'Jlic  type  of  fire  box  ami  briilgc,  and  tlie  arrangement  of  blast  i»peB, 
are  clearly  shown,  and  need  no  furllicr  explanation. 

{I.  DiiX'ctly  above  (be  puinf  Avlicre  the  iugot,  having  been  pushed 
gradually  toward  the  firing  end,  must  filially  rest,  is  placed  a  cover 
ii.  As  will  be  noted  on  the  drawings,  this  cover  carried  on  truck  JJ, 
roiling  on  rails  T,  is  inclined  to  the  plane  of  motion,  thereby  obvi- 
ating the  necessity  <if  lifting  liefore  uncciveriiig  the  fijieningas  is  the 
usual  pit  practice.     The  operation  of  opening  and  closing  the  cover 
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is  performed  by  means  of  the  pneumatic  cylinder  /,  the  piston  rod 
of  wliieli  is  directly  allaclied  to  tlie  oover  iis  depicted  in  Fig.  240. 

10.  Tlie  c-hurgiiig  ('iiti  of  tlie  furnace  is  provided  with  projecting 
castinga  JK,  serving  tlio  purpose  of  a  receiver  in  which  ingots  are 
placed  in  proper  jwisition  iiefore  eiiterinp  the  furnace.  The  upper 
ciirttiiip  J  carries  a  jinir  of  brackets  and  nijH-  sheaves;  over  these  pass 
wire  ropes  fnmi  wliicli  is  suspeiidi'd  door  M,  operated  rapidly  hy 
lucaiis  of  air  cylinder  -V, 


11.  Tlie  {rases  escape  ilirrmpli  the  fines  ]']',  wlilch  are  so  arranged 
that  the  draft  will  lie  ciiial  '>ii  lioth  sides  of  the  furnace.  If  de- 
sirr'cl,  tlicse  Hues  may  eontiirn  devices  fur  heatiufi  the  air  blast. 

lii.  'I'heiiiost  interest iiijr  anil  iH)Vel  fratnn!  in  connection  with  the 
operation  of  the  furnace  is  the  pusher.  In  previous  arrangements 
hydraulic  pushers  have  been  used;  these  are,  however,  open  to 
several  serious  objections.  It  has  been  found  impracticable  to  con- 
struct a  sinple-stroke  imshcr  of  snfiicient  length  to  charge  a  furnace 
of  this  t.y]X',  iind  as  with  the  tnnlti|>le-strokp  pusher  the  length  of 
stroke  is  limited,  it  is  necesaarv  when  running  the  pushing  head  far 
into  the  furnace  to  take  a  number  of  successive  "  hitches  " — that  is, 
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the  plunger  after  makiiig  a  stroke  must  be  ran  bock  and  a  freali 
hold  taken  on  the  pushing  bar  by  means  of  a  clntch.  The  procese 
is  consequently  very  slow,  and  the  door  of  the  furnace  must  remam 
open  a  long  time.  With  the  high  pressure  necessary  for  handling 
large  ingots,  say  12  x  12  and  above,  considerable  trouble  is  experi- 
enced in  keeping  the  hydraulic  connections  tight  and  in  good  repair. 


The  pushers  are  also  generally  in  exposed  positions,  and  unless  care- 
fully protected,  trouble  is  liable  to  be  met  with  in  cold  weather. 
In  brief,  the  hydraulic  type  of  charger  has  been  found  inadequate 
to  furnaces  of  this  length  owing  to  its  inherent  weaknesses,  viz.: 
lack  of  speed  and  danger  of  breakage  due  to  water  hamnier  under 
high  pressure. 

13.  To  obviate  these  difficulties,  an  electrical  pusher  has  been  de- 
vised. This  eonsists  essenlially  of  a  long  I-beam  0  running  upon 
rollers,  as  shown,  and  provided  %vith  a  caat-steel  pushing  head  P. 
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On  the  lower  portion  of  the  I-beam  is  l>olteil,  in  sections,  a  cast-steel 
rack  Qy  the  teeth  of  which  engage  with  those  of  the  pinion  Ry  the 
latter  being  driven  through  a  train  of  gears  by  the  motor  S.  The 
latter  is  a  series  motor  of  the  railway  type,  Avith  rheostats  and  a  con- 
troller. The  sj)eod  of  the  pusher  may  consequently  be  varied  over 
considcTable  limits,  this  feature  being  particularly  desirable  in 
rai)i<lly  withdrawing  the  ram  from  the  furnace,  which  imposes  only 
a  light  load  on  the  motor,  and  consequently  will  be  accomplished 
at  a  higher  rate  of  sj)eod.  Considered  from  an  economical  point  of 
vi(»w  the  electrically  driven  charger  is  preeminently  adapted  to  the 
purpose,  as  the  outi)ut  of  power  necessary  is  in  direct  proportion  to 
the  <'ffeetive  work  done.  An  auxiliarv  motor  mav  be  connected 
direct  with  the  main  driving  gear,  or  independent  on  the  pusher  rack 
Q,  In  either  case  the  two  motors  should  be  arranged  for  the 
ordinary  system  of  series  nmltiple  control. 

14.  Brietiy  described,  the  operation  of  the  furnace  is  as  follows: 
The  ingots  one  by  one  are  placed  by  the  charging  crane  so  that  they 
stand  on  the  pipe  B,  the  upper  part  resting  against  the  rod  L  as 
shown  in  Fig.  242.  They  are  alt(a*nat(»ly  inclined  to  the  right  and 
left  as  indicated  in  the  same  figure.  As  fast  as  they  are  placed  in 
position  the  door  M  is  raised  and  the  ingots  are  pushed  into  the 
furnace.  As  the  heat  increases  gradually  toward  the  firing  end, 
they  reach  the  proper  temperature  as  they  approach  the  latter  place. 
AVlien  the  ingot  reaches  the  inclined  ])art  of  pij)e  B  it  slides  down 
smd  rests  (ai  the  sand  bottom  (\  the  U]>])er  part  leaning  against  pipe 
F,  which  locates  the  ingot  in  the  connu^t  position  for  withdrawing. 
The  cover  (I  is  then  opene<l  and  the  ingot,  which  is  now  ready  for 
th(»  rolls,  is  extracted  in  the  ordinarv  manner. 

15.  It  will  be  noted  that  slag  holes  are  provided  on  each  side  as 
shown  at  U  and  also  at  the  end  as  shown  at  T^,  the  floor  of  the 
furnace  being  graded  accordingly. 

This  furnace,  as  eipiipped,  possesses  a  number  of  commendable 
features. 

First:  Comparatively  low  first  cost  of  installation. 

Second:  Considering  the  storage  and  heating  capacity  of  this 
furnace,  it  occupies  relatively  a  small  floor  place,  besides  being 
easily  and  quickly  erected. 

Third:  Owing  to  the  simplicity  and  accessibility  of  parts,  the 
cost  of  repair  and  maintenance  is  reduced  to  a  minimum. 

Fourth:  In  the  continuous  furnace,  especially  the  type  which 
forms  the  subject  of  this  pai)er,  in  which  the  ingots  are  alternately 
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inclined  to  the  right  and  left,  coupled  with  the  continuous  method 
of  chaigingy  a  much  better  opportunity  is  given  for  an  even  heating 
on  their  sides,  and  in  this  respect  the  vertical  furnace  surpasses  the 
horizontal  and  closely  approaches  the  soaking  pit;  the  even  heating 
of  ingots  being  one  of  the  strongest  arguments  in  favor  of  the  latter. 

Fifth:  There  is  at  all  times  a  maximum  amount  of  metal  in  the 
hottest  region  of  the  furnace,  which  is  not  true  of  any  other  type 
of  ingot'heating  furnace. 

Sixth:  If,  as  often  happens,  it  becomes  necessary  to  charge  cold 
ingots,  the  superiority  of  the  vertical  continuous-heating  furnace 
over  all  other  forms  is  very  marked,  for  its  length  is  such  that,  after 
traversing  say  half  the  length  of  hearth,  it  is  safe  to  say  the  tem- 
perature of  the  flame  is  about  the  same  as  when  leaving  the  regen- 
erative chambers  of  soaking  pits.  As  a  result,  heat  which  escapes 
in  the  latter  case  is  doing  effective  work  in  the  continuous  furnace 
preheating  cold  metal. 

Seventh:  As  a  consequence  of  the  gradual  decrease  of  tempera- 
ture toward  the  charging  door,  cold  ingots  may  be  introduced  into 
the  furnace  without  danger  of  cracking,  thus  giving  to  this  type  of 
furnace  a  decided  advantage  over  the  soaking  pit  form  in  the  treat- 
ment of  high-carbon  steels.  ' 

Eighth:  The  temperature  of  the  burning  gases  decreases  gradu- 
ally from  the  firing  toward  the  charging  end,  until,  at  the  latter  end, 
they  are  comparatively  cool.  Thus,  the  opening  of  the  charging 
door  does  not  result  in  great  loss  of  available  heat,  as  in  the  case  of 
the  soaking  pit. 

Ninth:  On  account  of  the  high  speed  of  the  pusher,  the  door 
is  kept  open  a  comparatively  short  time,  and  the  pusher  itself  is 
only  briefly  subjected  to  the  intense  heat. 

Tenth:  The  ingot  is  handled  in  a  vertical  position  from  the  time 
it  leaves  the  steel  mill  until  it  is  delivered  to  the  mill  tables.  No 
high-pressure  water  is  required  in  connection  with  this  furnace, 
as  air  cylinders  are  found  entirely  satisfactory  for  operating  the 
necessary  doors  and  covers.  Troubles  incident  to  cold  weather 
and  the  maintenance  of  such  a  svstem  are  thus  avoided. 

Eleventh :  Owing  to  the  method  of  applying  the  heat,  it  has  been 
demonstrated  in  practice  that  the  furnace  waste  and  oxidation,  or 
scale  formation,  is  very  much  less  in  the  vertical  furnace  than  in  the 
ordinary  soaking  pits. 

Twelfth:  Another  advantage  over  the  soaking  pit  practice  is 
that  segregation  is  greatly  reduced  because  in  charging  hot  ingots 
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the  low  temperature  in  the  rear  end  of  the  furnace  gives  the  inside 
core  of  the  ingot  a  chance  to  solidify  without  losing  the  benefit  of 
the  initial  heat  in  the  ingot;  and,  furthermore,  cold  ingots  that 
are  already  solidified  can  be  charged  in  this  furnace  with  greater 
economy,  owing  to  the  feature  mentioned  in  feature  sixth. 

10.  In  conclusion,  while  thi.*^  system  of  heating  is  advantageous 
in  large  plants,  it  seems  to  the  writer  to  be  especially  adaptable  to 
smaller  plants  producing  from  100  to  200  tons  of  steel  per  day.  In 
other  words,  for  small-size  plants  it  seems  apparent  that  a  soaking 
pit  arrangement  would  be  comparatively  very  expensive. 


DISCUSSKJN. 

J//'.  S.  T,  Well  man. — T  might  mention  a  fact  which  Mr.  Dan- 
iels does  not  state  in  this  j)aj)er,  that  there  is  one  of  these  fur- 
naces in  ojKjration  at  the  steel  works  at  Worcester,  and  it  is 
workin<2r  verv  satisfiictorilv.  This  is  almost  the  first  effort  to 
build  and  run  a  continuous  furnace  where  the  ingots  are  to  be 
kej)t  in  their  vertical  ))osition  during  all  the  time  of  heating.  It 
may  not  be  known  to  all  the  meml)ers,  but  it  is  a  fact  that 
almost  all  of  the  he^iting  of  small  billets,  say  from  two  to  four 
inches  in  section,  in  the  United  States,  is  now  done  in  continu- 
ous furnaces.  This  is  very  satisfactory  in  many  respects.  One 
advantag(i  of  it  is,  that  it  is  a  chea])er  furnace;  for  a  furnace 
occupying  a  given  space,  it  gets  out  a  very  much  larger  tonnage. 
But  the  princii)al  advantage  is  that  it  is  more  economical  in  con- 
sumption of  fuel  than  any  other  furnaces  I  think  the  average 
of  fuel  consumcil  in  the  continuous-heating  furnace  is  not  more 
than  one-half  the  (juantity  which  is  consumed  in  the  best  regen- 
erative furnaces  which  have  been  built.  For  rail  steel  a  con- 
tinuous furnace  which  heats  a  vertical  ingot  would  be  very 
desirable,  because  it  is  often  the  case  that  an  ingot  goes  into  the 
furnace  while  it  is  still  licjuid  in  the  interior,  and  if  that  ingot  ift 
laid  down  on  its  side,  the  cavitv  due  to  the  shrinkafre  of  the  steel 
in  cooling  might  be  in  the  middle  of  <me  side  of  the  ingot,  and 
might  not  a]>|)(jar  until  the  rail  had  l)een  rolled  from  the  ingot 
and  placed  in  service.  The  result  of  this  has  been  disastrous  on 
more  than  one  occasion.  That  is  the  reason  why  ingots  for  the 
nuiking  of  rail  steel  are  almost  universally  heated  in  vertical 
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furnaces,  in  what  are  called  the  soaking-pit  furnaces.  As  far  as 
fuel  is  concerned,  however,  the  vertical  soaking-pit  furnace  is 
very  uneconomical;  because  it  is  the  most  wasteful  furnace  in 
fuel  of  any  which  is  used ;  especially  is  tliis  the  case  when  cold 
ingots  have  to  be  charge*!. 
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BEVEL-GEAR  CUTTING  MACHINES  AT  PARIS. 

BT  FRED  J.   MILLER,   NEW  YORK  CITT. 

(Member  of  the  Society.) 

Most  of  those  who  have  visited  the  machinery  building  work- 
shops of  Europe  must  have  noticed  that  the  nse  of  beT6l-gear 
planing  machines  is  more  common  there  than  here,  and  that 
the  use  of  bevel  gears  with  teeth  cut  by  a  formed  rotary  cotter 
is  correspondingly  less  common  there  than  in  our  own  mi^^l^if^A 
construction.  They  seem  to  have  more  generally  reoognised 
the  fact  that,  in  order  to  get  a  properly  shaped  toofii  in  a 
bevel  gear  it  must,  generally  speaking,  be  planed,  and  that 
where  the  teeth  are  of  any  considerable  length,  the  errors  of 
form  resulting  from  the  use  of  formed  cutters  are  very  consid- 
erable, and  inadmissible  for  what  may  properly  be  regarded 
as  the  best  work. 

A  machinery  exhibition  held  in  Europe  might  therefore  be 
expected  to  afford  many  examples  of  machines  for  planing  the 
teeth  of  bevel  gears,  and  in  the  Paris  Exposition  of  last  year 
six  such  machines  were  shown,  all  of  them  noteworthy,  and,  in 
one  way  or  another,  interesting;  most  of  them  diflCering  one 
from  the  others  as  much  as  it  would  seem  to  be  possible  for 
them  to  differ,  in  view  of  the  fact  that  all  were  for  the  same 
purpose.  Of  these  six  machines  five  were  of  foreign  design  and 
origin — one  English,  two  French,  two  Swiss,  and  one  American. 
Another  American  machine  exhibited,  and  which  is  described 
in  this  paper,  does  not  plane  the  teeth,  but  mills  them,  though 
it  does  not  use  a  formed  cutter,  but  copies  a  generated  tooth 
curve  by  a  cutter  having  a  plane  cutting  surface.  Only  two 
of  the  gear  planing  machines  generate  the  tooth ;  all  the  others 
copy  a  tooth  template  or  pattern. 

At  Fig.  250  is  an  interesting  bevel-gear  planer  of  French 
design.     In  its  general  design  this  machine  is  very  similar  to 

*  Presented  at  the  Milwaukee  meeting  (May,  1901)  of  the  American  Sode^  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the  TranBaetkm*, 
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many  others  that  are  to  be  seen  in  British  and  CoDtiuental 
workshopa,  but  it  has  what  I  believe  is  a  new  feature  in  its  pro- 
vision for  cutting  helical  instead  of  straight  teeth,  where  the 
former  are  desired,  as  they  seem  to  be  so  often  by  French  and 
other  Continental  machine  builders.  This  machine  forms  the 
tooth  by  copying  an  enlarged  template.  It  is  built  by  IlBines 
Boulier,  an  incorporated  company  having  workshops  in  Paris  at 
13  Avenue  DaumesniL  The  bevel-gear  planer  resembles  some- 
what the  Bichards  side  planer — i.  e.,  it  has  on  its  bed  a  saddle 
wliich  is  fitted  to  suitable  guiding  surfaces,  and  reciprocated  by 
the  slotted  crank  and  connecting  rod  seen  at  the  right  of  the 
machine.  This  saddle  has  a  projecting  arm,  on  which  is  a 
smaller  saddle  resembling  those  used  on  planers,  and  carrying 
the  tool  in  much  the  same  manner.  The  blank  to  be  planed 
with  teeth  is  mounted  upon  an  arbor  J,  Fig.  251,  which  can  be 
placed  at  the  proper  angle  by  adjusting  a  sector  plate  1', 
which  in  fitted  to  the  front  side  of  the  base  of  the  machine 
and  is  pivoted  near  the  top,  where  a  spindle  is  seen  projecting 
from  this  pivot,  and  is  terminated  by  a  cone  which  has  been 
flattened  on  the  upper  side  to  facilitate  setting  the  blank,  so 
that  the  apes  of  the  pitch  cone  will  coincide  with  this  centre. 
This  ia  done  by  adjusting  the  projecting  arm  which  is  fitted  to  the 
face  of  the  sector  plate,  and  which,  by  means  of  the  screw  K,  F^[. 
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S51,  can  be  moved  in  a  line  pandlel  vith  the  -work  arbor  tmtil  the 
bluik  ia  at  the  right  height.  The  feed  takes  place  hj  the  rota- 
tion of  the  seottA  plate  (clockwise),  worm-teeth  being  oat  in  its 
peripherj  for  that  porpoee,  whidh  are  engaged  bj  a  worm  on 
the  shaft  at  the  right,  near  the  bottom  of  the  machine.  The 
indexing  is  hy  means  of  the  worm  and  wheel  below  the  blank, 
and  the  template  is  seen  attached  to  the  apper  end  of  the  onrred 
bar  J',  which  passes  through  a  bearing  at  the  lower  extremity 
of  tiie  work-holdii^  arbor.    This  bar  is  rotated  in  a  vertical 


plana  with  the  sector  plate  by  the  feed  motion,  and  as  its  upper 
extremity  riues  it  carries  the  template  with  it,  and  the  template 
resting  gainst  a,  knife-edge,  and  being  held  against  it  by  a 
weiglit,  causes  tlie  blank  to  be  rotated  as  the  feed  takes  place, 
so  as  to  reproduce  tlie  form  of  the  template  in  the  tooth  being 
cut 

So  far  as  described  tho  machine  wonld  produce  only  straight 
teeth  of  the  ordinary  kind  but  by  additional  mechanism,  which 
is  not  clearly  shown  in  the  photograph,  but  can  be  Been  in 
Figs.  251  to  254,  it  will  cut  helical  teeth  like  those  seen  on  the 
blank  that  is  in  the  macliino,  and  which  has  been  partially  cut. 
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To  prodace  tliU  effect  it  in  of  course  clear  tliat  the  blank,  the 
cun'ed  bar  '/',  the  template,  the  point  against  which  the  tem- 
plate rests,  and  all  their  belongings,  must  be  given  an  inde- 
pendent rotarr  motion  as  the  tool  passes  along  the  side  of  a 
tooth,  and,  daring  the  back  stroke  of  the  tool,  most  be  returned 
to  be  again  rotated  the  same  amount  during  the  succeeding 
cutting  stroke.  This  motion  is  secnred  by  attaching  to  the 
projecting  arm  the  connection  J/"',  Fig.  252,  which  engages  with 
the  vibrating,  slotted  arm  L'  at  any  required  distance  from  the 


centre,  and  the  iiiui  /.'  thus  gets  a  vibrating  motion  from  the 
movement  of  the  tool-canying  saddle ;  the  ratio  of  this  move- 
ment to  tliat  of  the  cutting  tool  depending  upon  the  distance 
from  it»  centre  at  which  tho  loimectioii  J/'  is  attached  to  the 
bar.  From  tliift  point  motion  is  transmittod  by  the  connection 
JV'  to  ft  sliding  block  wliieh  is  fitted  to  the  bar  <>'.  This 
sliding  block  carries  the  knife-edge,  against  which  the  tooth 
teni{)lati>  Is  held  by  a  weight  find  cord  passing  over  suitable 
guide  pulleys.  Tliis  sliding  block  can  be  held  in  a  fixed  posi- 
tion by  a  pin,  and  when  HO  held  tlie  machine  cuts  straight  teeth; 
but  when  this  block  caiTving  the  knife-edge  is  given  the  reoip- 
rocatlng  motion  derived  in  tlio  manner  described,  the  tooth  is 
approximatply  a  lielix. 
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It  ia  evident  that  when  the  cnrred  bar  J'  is  rotated  upon 
the  axis  irhioh  ooinoides  with  the  axis  of  the  gear  being  out, 
any  given  point  in  the  template  will  move  in  an  arc  of  a 
oirole.  It  moves  in  snoh  an  arc  when  its  motion  ia  con- 
trolled by  the  template  itself,  and,  of  course,  must  do  so 
when  moved  by  its  connection  to  the  sliding  block,  which  is 
in  torn  moved  upon  the  bar  O*  by  its  conneolion  to  the 
tool  saddle.  But  if  this  sliding  block  which  carries  the  guid- 
ing point  tor  the  template  moved  in  a  straight  line,  its  posi- 
tion on  the  template  woald  be  altered  daring  tiie  catting  stroke, 
because  the  template  mores  in  an  arc  of  a  circl&    For  this 


reason  the  bar  is  curved,  as  shown  at  Fig.  253.  In  fact  it  cor- 
responds to  the  geometrical  pitch  circle,  ah,  of  the  bevel-gear 
drawing.  Fig.  255,  although,  of  coarse,  its  radius  is  enlai^d  in 
proportion  to  its  distance  from  the  apex  of  the  pitch  cone  and 
for  the  same  reason  that  the  template  is  also  lai^er  than  the 
teeth  to  be  planed. 

It  has  been  shown  by  American  practice  that  if  yon  have 
practically  perfect  bevel  gears  which  are  set  to  engage  precisely 
as  they  should  and  can  be  kept  in  such  engagement,  the  result 
is  all  that  anyone  eoiil<l  possibly  ask.  But  these  conditions  are 
not  always  secured  liere,  and  probably  are  not  more  nearly 
secured  anywhere  elsf  ;  and  if  small  errors  of  form  and  of 
position  are  bound  to  be  present,  then  perhaps  it  is  better  to 
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have   helical   instead  of  straight  teeth,  and,  if  so,  then  this 
machine  seems  to  aiSbrd  a  very  good  means  of  getting  them. 

The  feed  and  quick  return  motions  are  given  by  the  mechan- 
ism shown  at  the  right  of  the  machine  in  Figs.  251  and  252  and 
near  the  floor  line  in  Fig.  253,  while  the  indexing  mechanism  is 
best  shown  in  the  rear  view  of  the  machine,  Fig.  254.  It  is  at- 
tached to  the  plate  T*,  which  in  turn  is  connected  to  and  ro- 
tates with  the  sector  i^ou  the  front  of  the  machine. 


MilUr 
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Bcvd'[fear  Plnner-s  hy  the  MaHrldnctifahrik  Ocrllkftn,  of  Oerlikon, 

Sn-ifr:crh(utL 

Two  machines  which  .are  not  automatic,  except  as  to  their 
feed  motions,  were  exhibited  by  the  Maschinenfabrik  Oerlikon, 
of  Oerlikon  (near  Zurich),  Switzerland,  which,  while  they  are 
not  startlin^ly  new  in  j^rinciplo,  arc  y»^t  very  interesting  for  the 
ingenious  and  creditable  manner  in  which  tlieir  d(»sign  has  been 
worked  out.  The  smallest  of  these  machines,  which  is  designed 
for  wlieels  up  to  2n0m  m  (7  J  inches)  diameter,  with  teeth  50m/m 
(2  inches)  hnig,  and  for  pairs  of  gears  liaving  a  ratio  of  1  to  6,  is 
shown  in  Figs.  2'36. 257,  and  258.    The  only  automatic  functions  it 
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posBeaaes  are  the  feed  and  the  release  of  the  same,  it  being 
necesaaiy  to  run  the  tool  bock,  indes  the  blank,  and  set  a  bew  ont 
each  time  by  hand.     The  photograph  gives  a  good  idea  of  the 

{general  appearance  of  the  machine,  ami  by  reference  to  the 
rlrawiiigs  it  will  be  seen  tliiit  the  blank  to  be  cut  is  hold  npon 
au  arbor  supported  in  a  head  which  can  be  set  at  any  required 
angle  upon  a  large  plate,  which  is  given  the  slight  circular 
Qjotion  required  for  the  feed  by  means  of  a  worm.     The  Indexing 
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for  the  teeth  of  the  blank  is  done  by  integral  movements  of  a 
crank  handle,  a,  change  gears  being  supplied  to  give  the  correct 
indexing.  The  work  arbor  passes  through  a  sleeve,  which  also 
is  adapted  to  rotate  within  the  head,  and  is  made  to  do  so  as 
the  planing  of  the  side  of  a  tooth  proceeds  by  means  of  the 
tooth  template  seen  attached  to  the  end  of  the  slotted  arc  6, 
this  arc  being  attached  to  the  sleeve  and  counterweighted  so  as 
to  keep  the  template  at  all  times  in  contact  with  the  guide 
point.  The  template  is,  of  course,  so  located  that  it  is  the 
same  as  though  it  were  a  section  of  the  tooth  being  planed,  but 
carried  out  to  a  larger  diameter  of  the  wheel. 

The  cutting  tool  is  given  its  reciprocating  motion  by  means  of 
the  Scotch  yoke  seen  in  the  plan  view,rig.257,the  crank  pin  being 
upon  a  disk  which  is  driven  from  the  cone  pulley  by  means  of 
worm  gearing.  The  block  which  holds  the  tool  is  adjustable 
radially  upon  the  slide  to  suit  the  size  of  wheel  being  cut,  and 
there  is  also  a  slight  movement  at  right  angles  to  this  for  adjust- 
ing the  tool  to  its  proper  position.  The  feed  motion  is  taken 
from  the  tool  slide,  and  the  automatic  release  of  the  feed  is  pro- 
vided for  by  omitting  some  of  the  teeth  in  the  ratchet  wheel, 
so  that  when  this  part  of  the  wheel  reaches  the  pawl  there  can 
be  no  further  feeding. 

The  second  machine,  which  is  designed  for  wheels  up  to 
500m/m  (19f  inches)  diamater,  with  teeth  200m/m  (7|  inches) 
long,  and  for  pairs  of  gears  having  a  ratio  of  1  to  C,  employs 
the  same  principle  as  the  smaller  machine — /.  e.,  it  uses  a  tem- 
plate from  which  the  tooth  shape  is  copied — but  this  machine 
uses  two  tools,  which  cut  simultaneously  on  opposite  sides  of 
the  same  tooth,  tlie  tools  always  moving  in  opposite  directions ; 
that  is  to  say,  when  one  tool  is  beginning  its  cut  at  the  inner 
end  of  a  tooth,  the  other  tool  is  beginning  its  cut  at  the  outer 
end  of  the  same  tooth,  but  on  the  opposite  side  of  it.  The  index- 
ing and  the  setting  for  each  new  cut  are  performed  by  hand,  the 
same  as  in  the  case  of  the  other  machine.  There  is  a  base  A, 
Figs.  260  and  2G1,  having  a  curved  seat  for  a  saddle,  that  carries 
the  threaded  work  arbor,  this  curved  seat  being  an  arc  of  a 
circle  having  its  centre  at  B.  The  blank  is  adjusted  on  the 
arbor  and  the  saddle  is  adjusted  upon  the  curved  seat  of  the 
frame  of  the  machine,  so  that  the  apex  of  the  pitch  cone  of  the 
w^heel  to  be  cut  is  at  B,  a  straight-edge  or  gauge  being  applied 
to  a  groove  provided  for  that  purpose  in  the  surface  a  of  the 


681 


HEVEL-GEAlt   CVTTISG   HAt^HISES  AT   PARIS. 


machine  and  to  the  upper  surface  of  the  blank.  The  oater  end 
of  the  arbor  is  supporteil  Iiy  the  }'oke,  vhich  baa  trtumiooB  sup- 
ported at  the  point  li,  and  about  this  same  central  point  B 
turns  the  upper  portion  of  the  mecbauism  vhiGh  supports  the 
tool  slides  and  other  parts  which  transmit  motion  to  them.  The 


piece  ' '  in  the  sida  view  of  tho  machine,  Fig.  260,  is  one  tool 
slide,  and  behind  it  is  a  similar  oiif,  as  sliowu  in  tlie  endTiev, 
Fig.  261,  and  also  in  the  photograph.  These  two  slides  are  eaoli 
pivoted  so  that  they  may  swing  about  a  centre  common  to  both 
and  vertically  over  tho  centre  7?.  They  are  free  to  turn  aboat 
this  centre,  and  their  inner  ends  have  counterweights  attached 
to  them  in  such  a  manner  that  the  two  sHden  always  tend  to  ap- 
proach each  other ;  but  they  are  allowed  to  do  this  only  es  deter- 
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miued  by   the   form   of  the  template,  wliich   ia  placed  at  the 
point  I, 

Within  the  two  tool  slides  metitioued  there  are  rams  which 
have  attached  racke,  and  both  these  racks  are  engaged  on  opposite 
sides  of  and  by  the  same  pinion,  which  latter  is  on  a  vertical 


shaft  passing  downward  and  concentric  with  the  vertical  centre 
line  D,  this  shaft  having  at  its  upper  extremitr  another  pinion, 
by  which  it  is  driven  bv  the  teeth  of  a  sector,  wliich  sector  is 
oscillated  by  a  crank  on  the  face  of  a  worm  gear,  which  crank 
works  in  a  slot  formed  in  the  sector  and  thus  gives  a  quick- 
return  motion  to  the  tools.  From  one  of  the  rams  the  feed 
motion  is  derived  in  the  manner  clearly  indicated  by  tlie  photo- 
graph, and  there  is  an  automatic  release  for  this  which  operates 
to  prevent  the  pawl  from  engaging  when  the  cut  has  gone  to  the 
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desired  depth.  Where  teeth  are  to  be  planed  from  the  solid,  a 
tool  holder  is  provided  for  one  of  the  rams,  which  brings  the 
tool  over  the  centre  of  the  blank,  this  being,  I  believe,  shown 
lying  on  the  floor,  together  with  the  other  appnrtenances  re- 
quired for  operating  the  machine. 

The  fact  that  opposite  sides  of  the  same  tooth  are  being 
operated  upon  at  the  same  time  is  obviously  an  advantage  in 
that  it  imposes  upon  the  blank-holding  mechanism  less  disturb- 
ing force  likely  to  produce  errors  of  spacing  or  of  form,  aside 
from  the  fact  that  it  considerably  reduces  the  time  neoessaiy 
for  planing  a  wheel. 

Tlie  Monneret  Generating  Machine, 

Only  two  machines  were  shown  at  Paris  that  generate  the 
tooth  form.  One  of  these  makes  a  tooth  of  the  involute  form, 
or,  to  be  more  exact,  the  octoid  tooth,  making  use  of  precisely 
tlie  same  principle  as  is  employed  in  the  machine  invented, 
and  for  many  years  used,  by  a  member  of  this  Society,  Hugo 
Bilgram,  of  Philadelphia.  The  mechanism  of  the  machine  is, 
however,  entirely  different,  and  its  action  is  also  different  in  so 
far  as  it  necessarily  produces  a  helical  tooth  instead  of  a  straight 
one  ;  and,  during  the  cutting  of  the  teeth  a  cut  is  made  along 
the  side  of  all  the  teeth  in  the  blank  before  the  tool  is  fed 
deeper  into  the  blank,  so  that  instead  of  one  tooth  space 
being  finished  before  the  next  space  is  begun,  all  the  teeth  are 
at  any  given  time  practically  equally  near  completion.  The 
machine  is  quite  a  recent  invention,  the  first  one  constructed 
being  sliown  at  Paris  and  by  the  engravings  herewith  presented. 
Its  inventor  is  Mr.  L.  Monneret,  who  is  the  directing  engineer  of 
the  machine-tool-building  establishment  of  H.  Emault,  of  Paris. 

The  cutting  tool  represents  a  tooth  upon  a  crown  gear ;  it  re- 
ciprocates for  its  cutting  action,  while  at  the  same  time  it  is 
rotated  in  the  arc  of  a  circle  representing  the  crown  gear.  The 
blank  being  cut  is  at  the  same  time  rotated  at  its  proper  relative 
rate,  the  same  as  though  both  the  crown  gear  and  the  gear  being 
cut  were  complete  and  were  in  engagement  with  each  other. 
Tlie  principle  is  illustrated  by  Fig.  263,  in  which  A  may  repre- 
sent the  pinion  being  cut,  and  li  the  crown  gear,  all  the  teeth  of 
which  are,  in  the  machine,  removed,  except  one,  which,  repre- 
senting a  section  of  a  tooth  of  the  crown  gear,  is  made  of  steel, 
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receives  a  reciprocatinc^  motion,  ami  is  otherwise  adapted  for 
cutting  the  teeth  of  its  mating  wlieel  as  thev  both  rotate.  Fig. 
204:  gives  a  plan  view,  ami  elevations  from  three  different  view- 
points are  given  bv  Figs.  265,  260,  and  267,  in  which  .1,  Fig.  264, 
is  the  cutting  tool,  not  however  shown  as  it  is  actnally  made, 
for  it  is  re  all  V  a  turned  tool  made  in  the  lathe,  as  shown  in  the 
plioto^raph.  B  is  the  work  arbor,  which  is  mounted  in  a  saddle 
that  rests  upon  the  base  of  the  machine,  is  pivoted  at  C\  and 
can  be  set  at  any  angle,  to  suit  the  gear  to  be  cut.  The  cone 
pulley  and  back  gears  shown  do  not  give  a  rotary  motion  to  the 
main  spindle  and  the  tool  slide,  but  serve  only  to  impart  the 
required  reciprocating  motion  to  the  tool  by  means  of  a  crank 


izizziriiziiiL^^— -  -  vvvt 


disk  and  crmuecting  rr)d,  a  ] portion  (»f  said  rod  being  visible  in 
tlie  ] photograph.  Fig.  202. 

When  the  machine  is  in  action,  the  blank  being  cut  contin- 
uously rotates  at  such  a  speetl  relative  to  the  motion  of  the  tool 
slide  that  the  latter  makes  as  many  cutting  strokes  during  one 
rotation  of  the  blank  as  there  are  teeth  to  be  cut  in  it,  this 
ratio  f}i  rotative  to  reciprocative  movement  being  obtained  by 
simply  putting  on  «by  a  table*  the  proper  change  gears  at  the 
f-nd  of  the  machine,  tlie  same  as  in  gearing  up  a  lathe.  Thns, 
the  tool  makes  a  cut  along  one  side  of  a  given  tooth,  is  lifted  out 
of  its  path  for  the  return  stroke  by  the  friction  device  worked 
by  the  cord  seen  in  Fi;:'.  202,  and,  when  it  makes  its  next  forward 
stroke,  takes  a  cut  along  the  corresponding  side  of  the  next 
tooth,  the  rotation  of  the  blank  meantime  having  been  just  right 
for  tlie  proper  indexing. 

Since  tlie  rotative  movement  of  the  blank  is  continuous  and 
takes  place  while  the  tool  is  moving  in  a  straight,  radial  line. 
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tbe  tooth  produced  is,  of  course,  helical,  or  what  would  com- 
monly be  called  spiral,  instead  of  straight,  as  we  are  accostomed 
to  cut  them.  These  helical  teeth  are,  however,  claimed  to  be  an 
advantage  and  to  conduce  to  smooth  running  ;  while  it  is  to  be 
noted  that  the  machine  automatically  takes  care  of  the  point  of 
having  the  helices  of  two  mating  gears  match  each  other,  for  the 
simple  reason  that  the  mating  gears,  being  of  the  same  pitch, 
must  have  the  same  rotative  speed  at  the  pitch  line  relative  to 
the  motion  of  the  cutting  tool,  regardless  of  their  size  or  number 
of  teeth,  in  order  to  make  the  indexing  right ;  and  if  thej  rotate 
at  the  same  lineal,  pitch-line  speed  during  the  cutting  stroke, 
then,  of  course,  the  pitch  or  lead  of  the  helix  will  be  tbe  same. 
It  follows  from  this,  too,  that  the  pitch  of  the  helix  is  not  subject 
to  the  choice  of  the  operator,  but  necessarily  varies  with  the 
pitch  of  the  gear,  being,  in  fact,  not  readily  perceptible  in  gears 
of  moderate  or  fine  pitches. 

It  should  be  noted  that  the  teeth  produced  by  this  machine 
are  not  true  helices,  but  that,  owing  to  the  fact  that  the  motion 
of  the  cutting  tool  is  derived  from  a  crank  movement  and  there- 
fore varies  during  a  cutting  stroke,  while  the  rotative  movement 
of  the  blank  does  not  var}',  the  angle  of  the  helices  will  vary  at 
different  points  of  the  same  tooth.  I  suppose  it  is  important  to 
have  the  same  over-run  of  the  tool  at  each  end  of  the  teeth  in 
all  gears  intended  to  work  together ;  because,  for  the  reason 
mentioned  above,  unless  the  cut  takes  place  during  the  same 
portion  of  the  total  cutting  stroke  of  the  tool  the  angles  of  the 
teeth  of  a  pair  will  not  match  at  all  points. 

It  must  be  kept  in  mind  that  the  cutting  tool  is  set,  or 
rather  that  the  blank  is  set  in  relation  to  it,  at  the  full  depth  of 
the  tooth  before  cutting  begins ;  that  the  plate  which  carries 
the  reciprocating  tool  slide  is  rotated  one  way  or  the  other 
about  its  centre  until  the  tool  or,  in  other  words,  the  single  tooth 
of  the  crown  gear  is  brought  into  contact,  and  again  out  of  con- 
tact with  the  blank ;  and  the  fc;ed  motion  consists  of  simply 
rotating  the  face  gear  (or  the  tool-slide  carrying  plate),  to  carry 
the  cutter  through  what  would  be  the  arc  of  action,  or  of  en- 
gagement of  the  cro^\Ti  gear  and  its  pinion.  This  is  simple 
enough  so  far  as  the  tool  slide  is  concerned,  because  the  plate 
upon  which  it  slides  has  no  other  motion,  ami  needs  only  to  be 
rotated  slightly  at  the  end  of  each  complete  rotation  of  the  blank 
to  give  the  tool  a  new  cut,  but  at  the  same  time  the  wheel  being 
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cut  mnst  be  given  a  corresponding  rotative  motion  in  order  to 
generate  the  tooth  curve  ;  and  since  this  blank  already  has  a 
continuous  (and  relatively  rapid)  rotative  movement — equal  to 
one  tooth  for  each  cutting  stroke — the  rotative  movement  neces- 
sary for  the  generation  of  the  tooth  curve  must  be  simply  a 
modification  of  the  rotative  movement  already  taking  place. 
It  is  this  which  makes  the  machine  rather  complicated,  but 
the  means  by  which  it  is  accomplished  are  exceedingly  inter- 
esting, and  are  of  such  a  nature  as  to  make  the  setting  up  for 
any  given  job  of  gear  cutting  exceedingly  simple  and  easily  per- 
formed, the  machine  itself  taking  care  of  its  most  intricate 
functions  automatically. 

The  change  gears  give  motion  to  a  shaft  which  passes  through 
under  the  cone  pulley  shaft  to  a  point  near  the  central  pivot  t7, 
where  ifc  drives  a  bevel  gear  having  a  vertical  axis  concentric  with 
said  pivot.    Part  of  this  shaft  is  seen  in  the  photograph,  Fig.  262* 

From  this  bevel  gear  is  driven  the  short  radial  horizontal  shaft 
also  seen  in  the  photograph,  which  shaft  seems  to  have  upon  it 
three  mitre  gears ;  it  is  really  a  sleeve  and  shaft,  each  with  inde- 
pendent  rotative  motions,  as  will  be  explained  further  on.  The 
continuous  rotative  movement  for  the  blank  is  thus  carried  from 
the  change  gears,  through  the  vertical  pivot  (7,  and  the  inner  one 
of  the  two  horizontal  parallel  shafts  seen  in  Fig.  262,  to  the  inner 
one  of  the  two  similar  spur-gear  trains  disposed  vertically  and 
seen  at  the  left  of  Fig.  262 ;  the  uppermost  one  of  these  being  seen 
in  the  plan,  Fig.  264,  and  there  designated  D.  From  here  this 
motion  is  carried,  by  means  not  necessary  to  trace  out  in  detail, 
to  the  worm  shaft  J?,  which  rotates  the  work  spindle  and  blank. 

The  feed  motion  takes  place  intermittently  at  each  complete 
rotation  of  the  blank,  and  it  now  remains  to  trace  it  out.  On  the 
work  spindle  is  a  spur  gear,  seen  plainly  in  Fig.  262,  and  designated 
F  in  the  drawing,  Fig.  264  It  drives  an  equal  spur  gear  that  gives 
motion  to  a  slotted  crank  disk,  and  from  this  disk  the  feed  ratchet 
wheel  H  is  driven  by  a  reversible  pawl.  This  ratchet  wheel  is 
thus  given  a  movement  at  each  rotation  of  the  blank,  which  inter- 
mittent rotation  is  carried  through  the  mitre  gears  seen  at  the 
right  of  it  in  the  plan  view,  to  the  screw  ly  which  is  parallel  to 
the  worm  shaft  F,  and  the  worm  is  splined  on  JE,  so  that  it  can 
slide  upon  it ;  being  held  in  a  sort  of  cradle  or  box,  which  ex- 
tends over  the  screw  /  and  is  fitted  to  the  latter,  so  that,  when 
the  screw  I  is  rotated,  it  moves  the  worm  longitudinally  upon 
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the  splined  worm  shaft  E,  ami  the  worm  thus  acts  as  a  moviiig 
rack  to  rotate  the  worm  wheel  ami  work  spindle  indepeodently 
of  the  motion  imparted  to  the  same  worm  wheel  by  the  same 
worm,  by  virtue  of  its  rotative  movement.  It  is  this  longi- 
tudiual  movement  of  the  worm,  acting  as  a  rack,  that  modifies 
the  rotative  movement  of  the  blank  to  agree  with  the  rotative 


movement  of  the  tool-sliilf  pliitt^   or  croivu  yeav)  for  the  feed,  as 
previously  moutionoil. 

Sin<:0  tlie  blauk  ami  the  t.'»>l-sliilc  pliito  must  rotate  together 
for  the  f(?ed  at  the  i>roper  ratio,  further  mecliauism  of  an  inter- 
esting character  is  provided  for  accomplishing  this.  At  the  other 
end  of  tho  shaft  on  which  tlie  ratchet  wheel  is  placed  is  a  spur 
gear  imarked-/on  the  plan,  Fig.  204 >,  ami  this  gear  is  the  driver 
of  the  outer  one  of  the  two  similar  trains  of  gears  seen  side  by- 
side  near  the  left  of  Fig.  202.  Tliuri  motion  is  given  to  the  outer 
one  of  the  two  parallel  horizontal  shafts  and  to  the  outer  gea^ 
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seen,  TcLich  move  a  sliaft  pnssiDg  tlirongh  the  before-mentioned 
horizontal  radial  sleeve  to  the  central  pivot  G,  vliere  it  moTes  a 
shaft  passing  down  through  the  centre  of  this  pivot,  and  gives 
motion  belov  to  a  scvow  wliich  lies  Iiorizontally  nnder  this  pivot, 
and  is  supported  iu  brackets  that  are  attached  to  the  pivoted 
sadills  that  carries  the  work  npindle  and  other  described  meah- 
aiiism  ;  this  last- mentioned  screw  being  thns  kept  always  parallel 
to  the  screw  I.     The  centre  of   this  last-mentioned  screw  a 


designated  K  in  the  side  elevation  of  the  machine,  fig.  266,  and 
the  nnt  on  this  scmw  is  also  a  slide;  the  arrangement  being 
shown  by  the  diagram.  Fig.  268,  where  tlie  nut  is  pivoted  to  a 
block  which  can  slide  in  a  ;  and  as  a  is  rigidly  attached  to  the 
slide  '',  the  latter  ia  given  motion  by  the  screw,  the  rate  of  which 
varies  with  the  .ingk'  to  which  the  screw  is  set;  the  motion  of 
the  nut  being,  in  fact,  resolvpd  into  two  components,  whioh  are 
at  right  angles  to  each  otiier.  This  lower  slide  h  has  a  rook 
attached  to  its  under  surface,  and  this  rack,  by  rotating  a  shaft 
witli  a  pinion,  piies  motion,  through  a  train  of  spur  gears,  to  the 
plate  wliich  carries  the  tool  slide,  and  the  rate  of  this  motion  of 
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course  depends  upon  tlie  angle  of  the  screw,  which  again  is  always 
parallel  to  the  screw  /,  the  position  of  which  is  determined  by  the 
angle  of  the  pitch  cone  of  the  gear  to  be  produced ;  so  that  this 
proper  relative  motion  of  the  blank  and  ot  the  plate  or  slide 
representing  the  crown  gear  ia  always  automatically  secured  in 
setting  the  saddle  to  the  proper  angle,  and  needs  no  attention 
from  the  operator.  The  final  gear  of  the  last-mentioned  train 
L,  Fig.  265,  has  a  vertical  rack,  M,  engaging  with  it,  which  rack, 
by  means  of  movable  tappets,  seen  in  Fig.  265,  releases  the 
belt  shipper  and  allows  the  machine  to  stop. 
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The  Smifh  (£•  Coivntry  Generating  Machine, 

The  other  generating  miiehiue  exhibited  at  Paris  is  shown  at 
Fig.  269.  It  was  shown  by  Smith  &  Coventry,  of  Manchester. 
Like  the  machine  last  described,  the  blank  is  rotated  a  tooth 
space  for  each  cutting  stroke,  but,  unlike  the  French  machine, 
the  blank  does  not  rotate  during  the  cntting  stroke,  and  the 
tooth  is  straight  instead  of  helical.  Both  sides  of  a  given  tooth 
are  operated  upon  at  the  same  time— there  being  two  cutting 
tools  instead  of  only  one,  and  the  tooth  curve,  instead  of  being 
involute,  is  an  arc  of  a  circle,  which  is  generated  upon  the  prin- 
ciple of  the  odontograpli.  In  other  words,  the  tooth  form  is  a 
circular  approximation  to  the  involute. 
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In  this  macliiue  tho  blank  to  he  cut  ie  placed  upon  an  arbor 
or  spindle,  whicb  also  carries  the  index  plate,  and  vbioh  in  tun 
is  mounted  on  a  saddle  or  bead  that  is  pivoted  at  a  point  on  a 
line  passing  tlirougli  the  apex  of  tiie  pitch  cone,  and  the  feed 
takes  i)lace  by  swinging  this  head  upon  the  aforesaid  pivot ;  tbiB 
feature  being  the  same  as  is  found  upon  several  other  bevel-gear 
cutters.  From  this  point,  liowever,  it  is  quite  a  radical  depart 
ture,  and  the  method  of  its  operation  will  be  best  understood 
from  the  drawiugs,  Figs,  270, 271,  and  272.  There  are  not  only  two 
cutting  tools,  but  also  two  tool  rests  and  two  tool  slidea  as  veil 


At  Figs.  270  and  271  the  tools  are  designated  by  the  letters  JA', 
and  tho  tool  rests  are  moved  upon  the  slides  BJi'  by  meami  of 
the  counecting  rods  CC",  ^vhicli  are  both  attached  to  the  oroBS- 
head  /'',  that  in  tura  is  moved  by  tlie  rod  JT  from  the  crank  plate 
F,  which  carries  an  adjustable  crank  pin. 

The  two  tool  slides  are  not  fixed  in  position,  but  both  aie 
pivoted  at  the  same  point  (G),  and  the  cutting  edges  of  the  tools 
are  so  placed  as  to  move  iu  lines  that  converge  at  this  poini^ 
which  is  in  a  Hue  intersecting  the  vertical  line  on  which  the 
blank-carr}-ing  and  indexing  spindle  also  pivots,  as  prerionslf 
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explained  aud  as  sliowu  in  the  plau  views.  Figs.  270  and  271.  At 
each  stroke  oE  the  luacliine  the  blank  ia  rotated  one  tooth,  bo 
that,  supposing  a  cnt  to  Iiave  been  just  taken  along  the  sides  d 
one  tooth,  the  next  stroke  will  make  a  cut  along  the  sides  of  the 
next  adjacent  tooth,  and  so  ou  around  the  hlank ;  after  which 


the  liliink  (.■aiTviiig  arhov  is  swung  in  In'  tlm  feed  mechanism,  thfi 
proper  iiiiiount  for  tlie  iR'xt  cut  arouuil  the  blank;  this  feed 
motion  Ixsing  aoconipUslied  by  ^l<>an^i  of  an  eccentric  placed 
upon  the  blank-<-jiiTyiug  spiiidh>,  wliii'h  eoccntric,  l)y  suitable 
mechanism,  rotates  a  worm  that  <'ii>^'a^es  with  the  teeth  out  Id 
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the  edge  of  the  bed  of  the  machine.  With  the  mechanism  thus 
far  described,  it  will  be  plain  that  if  the  machine  were  set  at  work 
it  would  plane  teeth  in  the  blank  that  would  be  rectangular  in 
cross-section,  but  tapering  lengthwise  in  both  width  and  depth ; 
tending,  in  fact,  to  a  point  at  the  apex  of  the  cone,  on  the  line 
passing  through  the  centres  of  the  pivots  previously  referred 
to.  But  the  cross-section  of  the  tooth  to  be  produced  is  required 
to  be  defined  by  arcs  of  circles,  the  centres  of  which  must  be  so 
located  as  to  make  the  tooth  of  the  required  form,  and  the 
mechanism  by  which  this  is  accomplished  is  shown  diagrammat- 
ically  by  Fig.  272,  and  by  the  side-view  drawing.  Fig.  270.  The 
two  tool  slides  have  extensions  or  arms,  HH\  the  extremities  of 
which  take  the  form  of  slotted  arcs  and  are  graduated.  By 
means  of  studs  and  nuts  arranged  as  shown,  these  arcs  are 
attached  to  plates  that  carry  studs,  //',  and  these  studs  pass 
through  blocks  that  slide  freely  within  the  guides  JJ\  which 
guides  are  connected  together  by  links,  as  shown,  in  such  a 
manner  that  when  these  links  are  moved,  the  guides  approach 
or  recede  from  each  other,  but  always  remain  parallel ;  exactly 
the  same  as  the  two  blades  of  a  parallel  ruler.  The  links  that 
join  the  two  guides  are  all  pivoted  at  points  upon  a  line,  KLM^ 
which,  as  will  be  observed,  is  a  continuation  of  the  main  centre 
line  before  referred  to,  and  the  middle  one  of  the  three  links 
extends  from  one  guide  to  the  other ;  having  attached  to  it,  at 
the  point  N,  the  connecting  rod  Oy  by  which  this  link,  and 
consequently,  of  course,  the  others  as  well,  is  rotated  to  make 
the  guides  JJ'  approach  or  recede  from  each  other.  And  as  the 
guides  do  this,  it  is,  of  course,  evident  that  the  curvature  of  the 
tooth  outline  produced  will  depend  upon  the  rate  at  which  they 
separate,  or  rather  upon  the  ratio  existing  between  this  rate  of 
separation  and  the  feed  of  the  tools  into  the  blank. 

As  the  head  carrying  the  blank-holding  spindle  is  swung 
around  on  tlie  bed  of  the  machine  for  the  feed,  it  moves  with  it 
the  circular  sliding  bar  P,  which,  near  one  end,  is  cut  with  gear 
teeth  that  engage  with  the  sector  Q,  and  this  sector,  through 
the  medium  of  bevel  gears,  moves  a  slotted  lever  arm  7?,  to 
which  the  conneeting  rod  (J  is  attached ;  this  arm  being  also 
graduated,  so  that  the  movement  given  to  the  lever  R,  and  con- 
sequently to  tlie  guides  J  and  »/,'  may  be  varied  with  respect  to 
the  feed  within  certain  limits.  It  is  this  latter  adjustment 
which  provides  for  the  diflerenee  in  radius  of  curvature  between 
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tlio  teeth  of  two  mating  gears  of  ilifferent  sizes ;  such  an  adjust- 
ment being  in  fact  not  needed  where  all  the  gears  cut  are  mitres 
— !,  ('.,  pairs  of  the  same  size.  The  radius  of  the  tooth  curve  is 
always  one^fourth  of  the  radius  of  the  pitch  circle.  All  neces- 
sary graduations  are  provided  for  setting  the  machine,  and  the 
guides,  moved  in  this  manner,  recede  from  each  other  as  the  tool 
goes  deeper,  at  just  such  a  rate  as  makes  the  tools,  which  are 
til  us  also  separated  a  little  further  each  time  the  feed  takes 
place,  produce  the  proper  fonn  of  tooth. 

To  set  this  machine  up  for  planing  a  given  gear  seems  like  a 
good  deal  of  a  job,  because  there  are  so  many  graduated  arcs, 
etc.,  that  must  be  carefully  set;  but  a  table  is  provided  for 
doing  this,  and  when  the  machine  once  starts  to  work,  it  cuts 
rapi4lly,  because  two  tools  are  working,  and,  of  course,  the  ma- 
chines is  automatic,  the  feed  being  also  automatically  released 
when  the  tools  have  planed  to  the  required  depth. 

For  some  reason  I  failed  to  secure  from  the  builders  of  the 
machine  drawings  and  other  material  asked  for,  and  am  there- 
fore indebted  to  T/tt'  Eiifjinetr  for  the  engravings  of  the  drawings. 
I  considered  it  better  to  thus  obtain  the  desired  material  than 
to  leave  out  a  machine  which  seems  to  possess  considerable 
interest. 

The  OJef(-*<on  MarhtNc. 

Tlio  bevol-goar  planing  machine  which  has  been  most  widely 
used  hero  in  America  is  known  as  the  Gleason  machine,  made 
by  the  Gleason  Tool  Company,  of  Rochester,  N.  T.  The  latest 
form  of  this  macliine,  fully  automatic,  was  exhibited  at  Paris, 
and  is  shown  at  Fi'^s.  273  and  271,  bv  which  it  will  be  seen  that 
tlieni  is  the  usual  head  for  the  work-carrying  spindle,  or  arbor, 
which  last  is  horizontal,  and  the  head  itself  can  be  moved  back 
and  forth  upon  the  bed  to  acconnnod.ito  gears  of  various  pro- 
portions or  those  having  hubs  of  unusual  length.  There  is  also 
a  clear  space  in  front  of  the  blank,  so  that  where  a  hub  happens 
to  extend  beyond  the  apex  of  tlie  gear  itself,  the  machine  is  still 
able  to  handle  such  a  gear.  On  the  spindle  which  holds  the 
work  there  is  the  usual  master  wheel  by  which  the  divisions  are 
made,  and  this  is  turned  automatically  at  the  proper  times  by 
a  friction-driven  indexing  mechanism  in  the  usual  manner.  On 
the  bed  of  the  inac^hine  rests  a  plate  or  saddle,  which  is  pivoted 
to  swing  in  a  horizontal  plane  al)out  a  centre  over  which  the 
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'  apex  of  the  pitch  cone  of  the  gear  to  be  cut  is  placed  by  adjust- 
ment to  position,  and  the  feed  motion  swings  this  plate  invards 
about  this  centre  to  the  required  tooth  depth ;  the  feed  being 
contiiiuoiis,  excepting  when  the  tool  is  at  the  lull  depth  of  the 
tooth,  when  it  pauses  for  an  extra  stroke  before  returning.     A 

I  tool-canying  head  reciprocates  upon  a  slide  mounted  upon  the 
saddle  referred  to,  and  is  moved  by  a  crank  and  connection  best 


Been  in  Fig.  274.  This  slide  not  only  has  the  swinging  motion 
in  a  horizontal  plane  given  to  it  by  the  feed  motion  already 
referred  to,  but  it  also  swings  in  a  vertical  plane  about  a  centre 
which  intersects  the  other  centre  lines,  and  this  vertical  swing- 
ing motion  ia  controlled  by  the  former  in  the  manner  shown 
clearly  in  both  photographs  ;  a  roller,  attached  to  the  arm,  rest- 
ing on  top  of  the  former.  A  former  ia  required  for  each  side 
of  the  tooth  of  the  gear,  and  both  these,  together  with  a  straight 
former,  which  is  used  in  "stocking  out"  gears  from  the  solid 
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blanks,  are  mounted  upon  a  plate  of  triangalar  form,  as  seen  in 
Fig.  274,  and  which  is  pivoted  at  its  centre  so  that  the  required 
former  can  he  hrought  into  correct  position  very  readily.  The 
other  mechanism  is  for  automatically  returning  the  tool  to  the 
top  of  a  tooth  space  at  a  rapid  rate,  indexing  the  blank  and 
^aiu  starting  the  feed  motion,  all  of  which  goes  on  without 
attention  until  the  wheel  is  tioished  and  the  machine  automatic- 


ally stops  itseli  These  machines  are,  of  course,  built  in  a 
variety  of  sizes,  but  the  one  shown  is  called  the  24-inch  ma- 
chine, and  is  for  planing  gears  as  coarse  as  1 J  diametrical  pitch 
in  cast  iron,  or  2  diametrical  pitch  in  steel,  although  it  is  best 
adapted  to  gears  of  4  diametrical  pitch  in  both  cast  iron  and 
steel.  By  the  use  of  the  regular  formers  for  the  gear  teeth,  it 
will  plane  pairs  of  gears  with  ratios  up  to  1:8,  and  with  special 
formers  to  any  required  ratio,  its  range  of  angle  not  being  lim- 
ited between  0  and  90  degrees.  A  notable  feature  of  the  machine 
is  its  stiffness  and  apparently  heavy  proportions  in  nil  parta 
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«oiiBideriiig  the  character  of  the  cnts  it  is  expected  to  take,  and 
this  is  considered  to  be  important  in  order  that  the  results  pro- 
vided for  in  the  theory  of  the  machine  may  be  as  nearly  as  pos- 
sible actually  realized  in  the  gears  cat  by  it 

Fig.  275  shows  a  gronp  of  tools  used  in  connection  vith  the 
machine.  These  consist  of  a  gauge  for  setting  the  tools  in  the 
machine  at  the  proper  height,  and  three  different  planing  tools, 
the  one  at  the  left  being  a  double-faced  tool  for  blocking  out 
blanks  from  the  solid,  aiid  which  is  fed  straight  into  its  cat  by 
the  straight  former  seen  in  Fig.  274,  whUe  the  other  two  are  for 
the  two  sides  of  the  tooth  space,  the  cut  with  these  being  taken 


Flo.  375. 

sia  shown  sit  Fig.  276  by  the  end  of  the  tool,  the  comer  of  which 
is  roun<leil  to  the  radius  of  tlie  clearance  curve  at  the  bottom 
of  tlie  tooth. 

The  generjilly  accepted  way  of  following  a  former  is  to  have 
the  knife-edge  rider  bear  upon  it.  in  which  case  the  former  is, 
of  course,  an  exact  enlarged  outline  of  the  tooth.  By  the  use 
of  a  roller  the  life  of  the  formers  is  preserved  indefinitely,  but 
when  a  roller  is  useil  the  formers  are  not  an  exact  enlarged  out- 
line of  the  tooth  curve,  as  may  be  seen  in  Fig.  277,  where  the 
pat}i  the  centre  nf  the  roller  describes  is  the  true  curve,  but  the 
formers  are  a  corrected  curve  generated  by  the  cylindrical  sur- 
face of  the   roller. 

The  objections  wliicli  have  been  urged  gainst  all  machines 
■which  depend  upon  a  former  to  give  the  shape  of  the  tooth  are  well 
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known,  and  prominent  among  them  is  the  fact  that  most  formers 
are  themselves  inaccurate ;  being  usually  laid  out  with  oohh 
passes  or  templates  and  then  shaped  finally  by  filing.  Beoently 
the  Gleason  Company  has  designed  machines  for  generating  these 
tooth  templates,  and  though  these  machines  were  not  shown  at 


Fig.  276. 
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Fig.  277. 


Paris,  and  in  fact  have  been  complefced  so  recently  that  they 
could  not  have  been  shown  there,  they,  neyertheless,  are  a  pert 
of  the  subject  and  really  stand  behind  the  machine  itself  and  its 
work  in  such  an  important  relation  as  to  make  their  presented 
tion  in  connection  with  it  not  only  justifiable,  but  necessary  im 
order  to  understand  the  gear-planing  machine  itself.  They  shoir 
how  the  objection  referred  to  has,  by  this  company  at  lessl^ 
been  overcome. 
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JfOfChine /<»■  Generating  Tixith-Jormert  for  Pliming  the  Bevel-pinion  . 
Teeth. 

Figs.  376.  S79,  280,  and  281  show  a  maoliiiie  designed  hy  the 
Gleason  Tool  Company  for  making  formers  fen:  tlie  teeth  of 
bevel  pinions.  Fig.  279  is  a  side  elevatioii  of  the  uatdune  shov- 
ing  the  formers  JS,  and  j9|  in  position  to  be  acted  upon  hj  the 
mining  catter  ^  The  formers  B^  and  £,  are  for  the  top  and 
bottom  sides  of  the  tooth  respectirelj,  and  thej  oocapj  a  posi- 
tion in  this  former-generating  machine  the  same  distance  from 
the  centre  0  of  the  machine  that  they  afterward  oconpy  in  the 
gear-planing  machine.  The  cylindrical  milling  catter  is  tiie 
same  diameter  as  the  guide  roller  on  the  end  of  the  arm  of  the 


gear-planing  machine,  and  it  occupies  the  same  relative  position 
in  the  former-generating  machine  that  the  roller  does  in  the 
gear  planer.  This  mill  is  driven  from  the  belt  cone  by  means 
of  the  sliafts  and  bevel  gears,  as  can  be  easily  followed  in  the 
drawings,  the  short  vertical  shaft  E^  passing  up  through  the 
centre  of  the  macliine,  about  which  all  the  principal  motions 
take  place. 

The  part  F{Figs.  278,  279,  and  280)  turns  in  a  horizontal  plane 
about  the  centre  of  the  machine.  The  overhead  arm  A  turns  in 
a  vertical  plane  about  the  centre  0,  while  at  the  same  time  it,  of 
course,  has  the  same  motion  in  a  horizontal  plane  as  has  arm  A, 
the  motions  of  this  bar  being  in  fact  identical  with  the  motions 
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of  tlie  bar  or  nliile  tLat  carries  tlie  cutting  tool  in  the  gear 
]»laniu-. 

On  the  end  of  bar  A  is  turned  s  trannion  ^1;,  Fig.  278,  the  oen- 
tro  Hug  of  tliis  truunioii  being  a  continuation  of  the  centre  line 
of  the  milling  cutter,  which  also  passes  through  the  centre  O  of 
the  miichini;.  On  this  trunnion  is  fitted,  to  rotate  freely,  the 
segment  of  a  crown  gear,  J-:,  Figs.  278  and  281,  the  centre  line  of 
the  trunnion  J-  passing  taugeut  to  the  pitch  surface  of  the 
crown  gear. 
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A3,  Figs.  279  and  281,  is  a  Begment  of  a  bevel  gear  bolted  fast  to 
the  frame  of  tlie  maoliiiie.  With  this. segment  of  a  bevel  gear 
the  crown-gear  segment  engages,  the  tvo  being  held  together  bj 
means  of  a  sliding  bloot  Ai  which  passes  aronnd  the  back  of 
each.  This  block  At  is  moved  from  one  end  to  the  other  end  of 
the  stationary  segment  Ag,  thus  causing  the  orown  gear  A,  *to 


rotate  around  the  segment  of  tlie  bevel  gear.  A  pair  of  rollers, 
Af  and  A^,  Fig.  279,  are  fastened  to  the  block  and  act  as  gibs  to 
hold  it  in  its  place.  They  roll  on  a  conical  surface  on  the  back 
of  segment  A.,  -which  surface  is  turned  in  the  lathe  radial  with 
the  cone  centre  of  the  segment  gear.  The  surface  back  of  the 
crown  gear  is  turned  at  a  sharp  angle,  so  that  the  block  will 
hold  to  its  place. 

The  crown  gear  being  fastened  to  and  rotating  on  a  trunnion 
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tamed  on  the  end  of  the  bar  A^  it  will  readily  be  seen  that  the 
centre  of  the  cylindrical  milling  cutter  will  describe  a  trae 
spherical  involute  when  the  slide  travels  up  the  backs  of  the 
two  segments  and  thus  rotates  the  crown  gear  around  the 
stationary  bevel-gear  segment  The  pitch  line  of  the  bevel- 
gear  segment  is  the  base  line  on  which  the  pitch  line  of  the 
crown  gear  rolls.  The  Gleason  Tool  Company  use  a  14A-degree 
involute  on  their  standard  formers,  and  the  radius  of  the  bevel- 
gear  segment  is  made  to  correspond. 

When  the  crown  gear  has  rolled  a  sufficient  distance  around 
the  bevel-gear  segment  to  allow  the  milling  cutter  to  complete 
the  spherical  involute  curve,  then  a  taper  pin  JT,  Fig.  278,  is 
inserted,  which  binds  the  radial  bar  A  fast  to  the  stationary 
segment.  Then  the  axis  of  the  milling  cutter  is  in  a  position 
tangent  to  the  pitch  cone  of  the  generating  circle,  and  an  aux- 
iliary feed  is  thrown  in  which  mills  off  the  straight  part  of  the 
form  below  the  curve,  as  seen  in  Fig.  277.  "When  this  auxiliary 
feed  is  thrown  in  the  formers  feed  past  the  mill  in  a  horizontal 
plane,  the  mill  rotating  in  a  fixed  position. 

Of  course,  it  is  necessary  to  have  a  series  of  bevel-gear  seg- 
ments in  order  to  make  a  complete  list  of  formers  for  all  angles. 

The  feed  works  are  shown  at  Fig.  280,  and  will  be  readily 
comprehensible  from  it. 

Machine  for  Generating  the  Formers  for  Planing  the  Grear  Teeth, 

If  both  the  gear  former  and  the  pinion  former  were  made  by 
the  process  just  described,  the  result  would  be  a  great  deal  of 
interference  between  the  flank  of  the  pinion  tooth  and  the  face 
of  the  gear  tooth.  For  this  reason  the  pinion  former  only  is 
made  in  the  machine  described,  and  then,  using  this  pinion 
former  as  a  pattern,  it  is  placed  in  another  machine,  as  shown 
at  Figs.  282, 283,  and  284.  The  former  that  has  been  made  for  the 
])inion  is  shown  at  Q^,  Fig.  283,  and  the  construction  is  such 
til  at  the  former  for  the  mating  gear  is  rolled  around  the  pinion 
former,  but  with  a  milling  cutter  (representing  the  guide  roller) 
between  them,  or  rather  so  that  it  rests  upon  the  pinion  former 
and  mills  the  gear  former. 

The  figures  show  how  a  radial  arm  Pi  carries  the  cutter 
spindle  and  milling  cutter.  At  the  extreme  end  of  the  mill  is  a 
free-turning  roller,  which  rests  on  the  pinion  template,  as  shown. 
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The  radial  arm  P,,  Figs.  2B2  and  283,  Las  a  short  oscillating 
motion  imparted  to  it  throngh  the  connecting  rod  T,  in  which 
motion  the  roller  P^  follows  the  curve  of  the  pinion  former. 
The  radifil  bar  or  arm  P  haa  two  motions,  one  in  a  horizontal 
phme  and  one  in  a  vertical  plane  about  the  centre  0,  and  its 
outer  end  is  bored  out  in  line  with  this  centre.  In  this  bored 
hole  in  the  end  of  the  bar  there  is  fitted,  to  rotate  freely,  a  cast- 
ing Pe„  Fig,  283,  Eind  the  inner  end  of  this  casting  carries  the 
gear-tooth  former  ft  to  be  milled.  To  the  outer  end  of  this 
casting  P,.  is  keyed  a  segment  of  a  bevel  gear  P^_,  Figs,  280  and 


284.  The  pitch-line  angle  of  this  bevel-gear  segment  must  be 
the  same  as  the  pitch-line  angle  of  the  gear  for  which  the  former 
to  be  milled  is  intended. 

The  pattern  former  Q„  Fig.  283,  is  fed  in  a  horizontal  plana 
around  the  centre  0.  As  seen  in  Fig.  283,  the  casting  Q,  -which 
carries  tlio  pattern  former  and  former  holder,  is  bolted  to  a 
worm-wheel  segment,  which  segment  is  made  to  rotate  around 
the  centre  of  the  machine  in  a  horizontal  plane. 

The  former  holder  ^|  is  bolted  to  the  casting  Q,  and  at  the 
outer  end  of  casting  Q  is  bolted  fast  a  bevel-gear  segment  //,, 
Figs.  282  and  281.  The  bevel-gear  segment  B-  rotates  on  the  end 
of  the  radial  bar  P,  meshes  with  the  bevel-gear  segment  7?,, 
which  has  the  same  pitch-line  angle  as  the  pinion  for  which  the 
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pattern  former  Q^  is  intended.  At  tlie  ceatre  r,  of  the  berel- 
gear  flegmcnt  H^  an  arm  in  pivoted.  This  arm  passes  around 
the  back  of  the  bevel-gear  segment  R-,  and  bj  means  of  the 
conicfil  roUera  Ii~,  Fig.  282,  serves  to  hold  the  bevel-gear  seg- 
ment i?iin  mpsli  v'itli  segment  Ry. 

Bolted  to  the  frame  of  the  machine  is  a  plate  &»,  and  to  this 
plate  is  bolted  a  circular  slide  It^.  on  whicli  moves  the  circalar 
sliding  block  7?,.  The  working  surfaces  of  these  slides  are  all 
turned  in  the  lathe  so  that  the  slide  E',  when  it  travels,  moves 


in  the  arc  of  a  circle  the  centre  of  which  intersects  the  main 
centre  of  the  machine,  or,  in  other  words,  its  path  may  be  said 
to  be  along  the  element  of  a  s])lnrc  having  its  centre  at  C*i. 

The  slide  Ri  is  connected  to  the  arm  R  l>y  the  connecting  rod 
^3  and  a  rectangular  slidiiif^  block  constrained  to  move  in  a  ver- 
tical arc  of  a  circle,  as  shown  in  Figs.  263  and  281,  the  centre  of 
this  last-mentioned  arc  being  also  at  Oy. 

The  operation  of  the  machine  is  as  follows :  The  plate  Q 
carrying  the  pattern  former  is  fed  in  a  horizontal  plane  around 
the  centre  of  the  machine.  The  sli<le  7?s  is  inclined  to  the 
horizontal  plane  and  held  stationary  so  that  when  the  casting 
Q,  which  carries  the  bevel-gear  segments,  advances,  the  arm  R 
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18  turned  aboat  its  centre  'by  the  connections,  as  shown.  Tlug 
cAoses  tiie  berel-geaT  Begment  St,  which  is  attached  to  casting 
Pc  and  which  in  tnm  oarrieB  the  former  to  bs  milled,  to  rotate 
aronnd  the  e^ment  B^. 

The  radial  arm  Pi,  which  carries  the  milling  cntter,  has  two 
rotary  motions  about  the  centre  0|  of  the  machine,  one  vertical 
and  one  horixontal,  its  vertical  motion  being  independent  of  the 
vertical  motion  of  radial  bar  P,  so  that  the  milling  cotter  is  free 
to  follow  the  cnrve  of  the  pattern  or  pinion-tooth  former,  while 
both  the  cntter  and  arm  P  have  the  same  horizontal  motion. 

The  short  oscillating  motion  of  the  cntter  is  necessary  in 
order  that  the  catting  mill  will  fnlly  cover  the  point  of  contact 
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lietween  the  two  curves.  This  poiut  of  coutact  does  not  irayel 
at  a  rrigular  rate,  but  wlien  tlie  two  formers  are  rolled  together 
as  (lescrilied,  its  path  is  fully  covered  by  the  short  oscillating 
motion  of  the  mill. 

No  appreciable  errors  have  been  discovered  in  the  formers 
thus  generated,  and  it  is  obviously  only  a  matter  of  carefnl  and 
conscientious  workmanship  to  make  thus  the  teeth  of  bevel 
wheels  well  within  any  ordinary  requirements  as  to  accuracy  of 
form. 

The  liir^J  JIfirfiihP. 

The  requirements  of  American  bicycle  manufacturers  have  led 
to  tlio  develo])ment  of  a  number  of  very  interesting  machines  for 
the  jiroduction  of  such  bevel  gears  as  are  used  in  that  work,  and 
ono  of  these  iriachiues  was  exhibited  in  the  American  machinery 
building,  at  the  Vincennes  Annex  to  the  Exposition.  Its  inyentor 
is  C.  T).  liice,  who,  at  the  time  he  was  working  upon  it,  was 
master  mechanic  of  the  Pope  Manufacturing  Company's  factory, 
at  Hartford. 

This  machine  is  to  be  classed  as  of  the  template  variety,  since 
it  does  not  generate  tooth  curves,  but  reproduces  those  witlx 
which  it  is  supplied,  though,  of  course,  on  a  reduced  scale.  The 
tonii)late  is  itself  a  complete  master  gear,  those  in  use  up  to  the 
present  tini<;  having  been  made  by  Mr.  Bilgram,  on  his  well- 
known  generating  machine,  so  that  the  resulting  tooth  curves 
])roduced  by  the  machine  are,  in  reality,  generated  curves,  and 
as  tlie  master,  or  template,  gear  is  of  about  five  times  the  dimen- 
sions of  the  gear  made  from  it  by  this  machine,  the  errors  in 
tlic  gears  made  are  correspondingly  reduced  from  that  of  the 
master. 

Th<!  principle  of  the  machine  is  best  shown  in  the  model, 
J''ig.  'iH;"),  which  has  been  made  for  this  purpose.  The  large  master 
g(^ar  is  at  tlie  right,  mountod  upon  the  outer  end  of  a  horizontal 
axis,  and  the  L^(»ar  to  l)e  umih' « already  gashed )  is  upon  the  inner 
(mkI  of  the  same  axis.  This  axis  is  mounted  upon  a  swinging 
arm,  wliich  may  oscillate  in  a  horizontal  ])lane.  The  cutter — 
r<'j)r«sc!ited  by  a  large  disk — is  mounted  upon  a  second,  but 
IixjmI  horizontal  ;ixis,  ;uul  is  represented  as  having  entered  one 
of  ilu^  gashes.  A  lixctl  stop,  called  the  guide  plate,  enters  a 
space  between  the  teeth  of  I  he  master  gear.  The  acting  face  of 
the  guide  jilate  is  in  a  tiue  plane  with  the  acting  face  of  the 
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cutter,  and  this  plane  contains  &\so  the  apex  of  the  pitch  cone 
and  the  axis  of  the  Tertical  shaft.  It  is  plain  that  if  the  tooth 
of  the  master  gear  be  held  in  contact  with  the  goide  plate,  and 
if,  while  kept  in  Buoh  contact,  the  swinging  arm  be  Bwnng  bndilj 
from  the  observer,  both  master  gpar  and  the  gear  to  be  cut  will 
have  a  double  motion,  combined  of  the  HwiDging  motion  of  the 
arm  and  a  turning  motion  about  their  common  axis,  and  during 
this  motion  the  cutter  will  obviously  reproduce  on  the  blank, 
and  upon  a  reduced  scale,  the  curves  of  the  maater-gear  tooth. 
Stepping  from  tooth  to  tooth,  one  side  of  all  teeth  is  soon  com* 
pleted,  when  the  cutter  must  be  adjusted  parallel  with  its  axis 


an  amount  equal  to  its  own  thickness,  and  the  guide  plate  must 
be  correspondingly  adjusted  an  amount  equal  to  its  thickness, 
when  the  opposite  sides  of  the  teeth  may  be  cut  by  the  reverse 
motion  of  the  swinging  arm.  Since  the  cutter  does  not  travel 
lengthwise  of  the  tooth  being  cut,  the  resulting  space  is,  of 
course,  cut  slightly  deeper  at  its  centre  than  at  its  ends.  To 
reduce  this  to  an  unobjectionable  amount,  the  cutter  is  made  of 
large  diameter,  as  shown.  It  will  be  understood  that  the  acting 
face  of  the  cutter  being  a  true  plane,  the  extra  depth  of  the  cut 
at  the  centre  has  no  effect  on  the  acting  portion  of  the  tooth 
curve. 

Fig.  286  shows  the  machine  built  around  this  simple  principle. 
The  master  gear,  the  guidi!  plate,  the  cutter,  the  work,  and  the 
swinging  frame  will  he  readily  recognized.  The  mechaiusm 
added  is  simply  that  necessary  to  make  the  action  automatic. 
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An  index  plate  will  be  seen  at  the  left,  but  the  purpose  of  this 
is  merely  to  insure  the  entering  of  the  guide  plate  in  the  masier- 
gear  spaces  as  the  swinging  arm  is  raised  to  position  for  each 
cut.  Once  this  is  accomplished,  the  index  plate  is  disengaged 
and  the  master  gear  has  full  control  throughout  the  cutting 
operation ;  that  is  to  say,  the  master  governs  the  tooth  spacing, 
the  tooth  thickness,  and  the  tooth  form,  and  as  all  gears  have  a 
working  mate,  it  follows  that  by  giving  each  pair  of  master 
gears  a  practical  running  test  as  to  smoothness  of  action,  treating 
them,  if  necessary,  to  improve  their  behavior,  passing  upon  the 
master  gear,  practically  inspects  all  work  that  is  to  be  done 
from  it,  as,  allowing  that  the-^paachine  is  perfectly  adjusted  under 
its  well-established  requirements,  each  specimen  of  the  work 
must  be  a  duplicate  of  its  faster,  with  the  errors  reduced  in 
the  ratio  of  their  diameters.  ^ 

The  weighted  arm  which  maintains  contact  between  guide 
plate  and  master-gear  tooth  will  be  seen  at  the  left,  projecting 
toward  the  observer.  On  it  is  a  roller,  which  acts  also  as  a 
weight,  and  below  it  is  a  curved  T-shaped  arm  Aj  Fig.  288,  rising 
from  the  standard  below.  Connecting  this  standard  with  the 
main  frame  casting  is  a  frame  member  within  which  is  a  shaft  e, 
Fig.  287.  A  cam  f  on  this  shaft,  directly  below  the  vertical 
spindle  of  the  swinging  arm,  lifts  and  drops  this  spindle,  the 
swinging  frame  and  the  parts  which  it  carries.  A  cam  i  on 
the  outer  end  of  the  same  shaft  lifts  and  drops  the  T-arm  Ay  and 
another,  /,  alongside  attends  to  the  indexing  movement.  After 
the  indexing  movement  the  swinging  arm  first  rises  rapidly  and 
carries  the  blank  nearly  to  position  for  correct  depth  of  tooth 
space,  when  the  motion  slows  down  to  a  feeding  motion,  which 
carries  the  blank  to  correct  depthing  position.  During  the 
operation  of  cutting  to  depth  the  arm  A  ceases  to  rise,  which 
causes  a  slight  rotative  movement  of  the  work  spindle  on  ac- 
count of  the  swinging  arm  continuing  its  lift  during  this  depth 
feed  cut,  so  that  when  the  cutters  have  reached  the  bottom  of 
the  cut  the  sidewise  action  lias  been  sufficient  to  insure  contact 
between  the  j^aiide  plate  and  a  tooth  of  the  master  wheel.'  The 
downward  movement  of  tlie  T-arm  therefore  gives  the  con- 
trolling weight  full  swny  during  the  development  of  the  tooth 
curve,  causing  tlie  master  gear  to  turn  until  stopped  by  the 
guide  plate,  and  tlie  swinging  motion  sets  in — the  weighted  arm 
insuring  constant  contact  between  master  gear  and  guide  plate. 
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Tlie  cut  completcil,  ilio  swinging  arm  I'evcrses  its  raotioD. 
During  tliia  motion  tho  -wciglited  arm  couUl  readily  be  lifted 
by  tlie  guide  phite  actiug  on  tlte  manter-genr  tootb,  bnt  this 
migbt  causo  nuneoessary  wear,  and  liy  a  precaationarj  refine- 
ment the  arm  .-f  is  lifted  rapidly  enough  to  engage  the  roller 
weight  and  relieve  tlie  moster-gear  tooth  from  the  preaBnra  of 
the  guide  plate  during  the  return  motion. 
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BeferenoiB  to  Fig.  286  will  show  a  pitch  chain  for  driying  a 
tsiprooket  wheel  on  the  side  of  the  main  frame.  This  sprocket 
wheel  driyes  shaft  a,  Fig.  287,  which  through  worm  b  and  worm 
wheel  e  drives  the  vertical  shaft  d.  Through  the  bevel  gears 
below,  shaft  d  drives,  in  turn,  shaft  e,  on  which  cam  /elevates 
the  swinging  frame  g  through  the  vertical  spindle  A.  As  the 
parts  to  be  handled  by  cam  /  are  quite  heavy,  the  cam  roller  is 
fitted  with  a  roUer  bearing,  which  has  proven  very  satisfectory. 
At  k,  ly  on  the  vertical  shaft  c?,  are  two  cams  which  operate  the 
triangular  levers  m,  n  of  Fig.  289.  Each  of  these  levers  connects 
with  a  link  o^  p  at  its  outer  end,  these  links  having  jaws  ;,  r 
which  engage  with  a  block  8  surrounding  the  pin  ty  which  is 
located  in  the  swinging  frame  g.  The  action  of  these  connec- 
tions is  obviously  to  accomplish  the  swinging  motion.  The 
connections  upon  one  side  accomplish  the  motion  for  one  side  of 
the  teeth,  and  those  upon  the  other  for  the  opposite  side.  After 
completing  one  side  of  all  the  teeth  the  machine  automatically 
stops  and  the  attendant  reverses  this  connection  through  the 
segmental  hand  wheel  u^  which  is  so  connected  to  the  jaw 
ends  as  to  disengage  one  jaw  and  engage  the  other  by  the 
same  movement. 

At  this  reversal  the  weighted  swinging  arm  v,  Fig.  288,  is  also 
swung  over  to  the  opposite  side  by  the  attendant,  and  the  guide 
plate  and  cutter  head  are  shifted  by  an  amount  equal  to  their 
own  thickness,  as  has  already  been  stated,  these  latter  changes 
being  also  made  by  hand.  Reference  to  Fig.  288  will  show  that 
the  guide  plate  w  is  mounted  on  a  block  a?,  which  may  freely 
slide  endwise  between  the  micrometer  stop  screws  y,  y.  These 
screws  being  adjusted  to  permit  a  movement  equal  to  the  thick- 
ness of  the  guide  plate,  the  pressure  of  the  master-gear  teeth 
accomplishes  the  movement. 

The  starting  and  stopping  mechanism  consists  of  a  simple 
disk  or  ratchet  ^,  Fig.  288,  having  as  many  notches  as  there  are 
teeth  in  the  work,  there  being  a  trip  or  release  pin  at  a  certain 
point  in  this  ratchet  which  will  release  the  engagement  and 
thereby  allow  the  overhead  spring  connected  with  the  counter- 
shaft to  disengage  the  friction-clutch  pulley  when  the  circle  is 
completed.  As  the  machine  is  universal  as  to  angle  and  pitch, 
as  well  as  diameter,  it  is  simply  necessary,  when  an  increased 
amount  of  stock  is  to  be  removed  in  coarser  pitches,  to  slow 
down  the  cam  movement,  and  yet  permit  the  cutters  to  maintain 
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tlieir  same  speed  rtitio.  Tliis  is  re;ulily  accomjilislied  by  placing 
sprockets  of  varring  dimeusioiis  on  the  worm  Bbaft  a.  Fig.  287, 
the  slack  of  the  chain  due  to  these  changes  being  cared  for  by 
an  idler  which  swings  over  the  bearing  that  carries  this  Bhaft. 
Mr.  Kice  is,  I  should  say,  now  developing  a  machine  more  espe- 
cially adapted  to  that  class  of  bevel-gear  cutting  in  which  more 
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frequent  changea  than  are  necessary  in  making  gears  for  bicycles 
are  reqnireil;  the  iuteution  being,  in  this  later  niaehiue,  to  use 
only  one  tooth  of  the  master  gear,  and  to  use  this  only  to  give 
the  form  to  the  tooth  being  cut,  the  indexing  being  done  by 
separate  indexing  mechanism,  and  the  object  being  to  provide 
a  machine  adapted  more  especially  for  general  use. 

This  machine,  like  tho  Gleasou  maeliiue  previously  described, 
reqairea  that  the  utmost  care  be  given  to  accuracy  of  construc- 


tion, and  a  very  great  degree  of  refinement  bas  been  reached  in 
this  regard,  eapeoially  in  the  making  of  the  cuttera  and  in 
making  euro  that  the  action  of  the  machine  shall  be  precisely 
as  intended  by  its  designer.  A  description  of  these  methods 
would,  Lowever,  considerably  add  to  the  length  of  a  paper 
which  is  perhaps  already  too  long,  but  the  length  of  which  may, 
I  hope,  be  pardoned  in  view  of  the  fact  that  I  have  undertaken  to 
describe  all  the  machines  shown  at  Paris  which  employ  distinctly 
new  methods  of  cutting  bovel-gear  teeth. 
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Discrssiox. 


J//'.  Amhrone  i<waAeif, — This  pa|>er  is  extremely  interesting, 
inasmuch  as  it  gives  a  full  description  of  a  very  important  lino 
of  machine  tools,  ami  T  think  our  Society  is  to  be  congratulated 
u[Min  having  such  a  complete  record  of  the  bevel-gear-cutting 
engines  which  wei'e  exhibited  at  tlie  Paris  Exix)sition.  Mr. 
IMiller  has  covered  the  ground  so  thoroughly  I  do  not  know  that 
I  can  add  anything  more  which  will  l^e  of  interest.  I  will  say, 
however,  that  in  looking  over  these  machines  during  my  visit  to 
the  Ex])ositi(m  I  was  struek  witli  two  points. 

Srmie  of  tlie  machin<*s  referred  to  were  of  admirable  design, 
and  tli<^  workmansliij)  Avas  of  the  liigliest  order;  while  in  othei's, 
altliough  tlie  principles  embodied  Avere  most  excellent,  yet  the 
design  and  workmanship  Avere  not  such  as  to  carry  out  the  prin- 
ciples embmlied  to  the  best  advantage.  Xo  doubt,  however, 
as  later  machines  are  constructcnl  they  will  be?  greatly  im- 
proved, and  eventually  avc  may  expect  some  useful  and  practical 
bevel-gear  cutters,  even  from  machini^s  which  did  not  appear  to 
the  best  advantage  at  tlie  Exposition. 
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No.  S*S.« 

A  FEW  INSTRUMENTS  OF  PRECISION  AT  THE  PARIS 

EXPOSITION  OF  1900. 

BT  WILUAJi  E.  REED,  CLEVBLAN]>,  OUIO. 

(Monber  of  tho  Society.) 

One  of  the  unique  features  of  the  Paris  Exposition  of  1900  was 
the  organization  of  retrospective  or  historical  exhibits  in  various 
French  sections.  It  was  a  feature  particularly  appropriate  to  an 
exposition  held,  as  this  one  was,  during  the  last  year  of  a  most 
eventful  century,  and  one  which  placed  men  under  obligation  to 
the  generous  thoughtfulness  of  a  warm-hearted  and  painstaking 
people,  who  thus  comraendably  honored  the  pioneers  in  many 
branches,  as  at  the  close  of  the  century  the  world  came  to- 
gether to  admire  the  achievements  which  their  earlier  conceptions 
heralded. 

So  it  was  that  the  French  instruments  of  precision  on  the 
Chump  de  Mars  were  most  appropriately  surrounded  by  well- 
ordered  groupings  of  strangely  conceived  and  curiously  orna- 
mented old  microscopes  and  telescoj)es  and  sextants  and  reading 
glasses,  the  interesting  beginnings  of  years  ago,  from  which  have 
come  by  steady  development  the  scientific  instruments  of  to-day ; 
the  indispensable  allies  of  research,  invention,  discovery. 

As  would  naturally  be  exj)ected,  the  exhibits  of  the  French 
makers  of  instruments  of  precision,  both  in  number  and  size,  were 
larger  than  those  from  any  other  country,  but  there  was  much 
repetition  and  similarity  in  these  sections.  There  were,  for  in- 
stance, many  exhibits  of  opera  glasses  and  aneroids,  and  ther- 
mometers, and  hygrometers,  and  anemometers,  but  that  which 
was  striking]:! V  new  was  rather  to  be  searched  for  than  to  be 
easilv  found.  There  were  a  laro^e  number  of  three  and  four  inch 
telescopes  made  in  brass,  highly  polished  and  lacquered,  but  with 
little  evidence  of  real  improvement  in  design  over  the  models  of 
years  ago. 

*  Presented  at  the  Milwaukee  meeting  (May,  1901)  of  the  American  Society  of 
MechaDical  Engineers,  and  forming  part  of  Volume  XXII.  of  the  Tran$action$. 
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Conspicuous  in  this  section  was  iin  eighteen-inch  telescope  from 
the  works  of  iLonsieur  Gautier.  The  workmanship  was  excellent, 
and  the  finish  of  the  brass  work  such  as  it  is  diflBcult  to  get  in 
America,  but  the  general  design  of  the  instrument,  at  least  from 
a  Yankee  standpoint,  wits  not  above  criticism.  The  widely  taper- 
ing tubes  for  an  objective  of  comparatively  shoi't  focus  Avero 
brought  into  a  clumsy  cubical  centre-piece,  and,  though  rather 
heavy,  the  tube  was  supjxjrted  by  comparatively  small  axes.  The 
column  was  large  and  out  of  proportion  to  the  work  requireil  of 
it.  The  clock,  too,  which  was  excellently  well  made,  was  gross, 
and  gave  one  the  impression  of  the  use  of  overmuch  metal  in  its 
construction.  In  fact,  one  missed  the  many  contrivances  which 
mean  so  much  to  the  o^x^mtor  in  the  ease  and  convenience  with 
which  he  can  manipulate  the  instrument. 

Near  by  was  a  smaller  telescope  made  for  the  Observatory  at 
Athens,  an  instrument  with  twin  tubes  of  equal  diameter,  one 
tube  being  arranged  with  photographic  lens  and  the  necessary 
camera  outfits,  and  the  other  with  visual  objectives  and  a  microm- 
eter of  excellent  design,  thus  giving  the  observer  his  visual  and 
photographic  telescopes  in  such  way  that  either  was  always  ready 
for  use,  and  that  without  the  necessity  of  awkward  changes  from 
one  to  the  other. 

It  was  not  in  this  section,  but  in  a  special  building  quite  by 
itself,  though  not  far  away,  that  the  great  telescope  of  the  Ex- 
position was  to  bo  seen.  The  idea  of  making  this  instrument  to 
rival  any  previously  constructeil  was  the  conception  of  Monsieur 
Deloncle,  and  the  design  and  execution  of  the  plans  were  the 
work  of  the  eminent  engineer  Monsieur  P.  Gautier. 

Speaking  generally,  the  instrument  consisted  of  a  great  station- 
ary telescope  and  a  large  movable  miiTor.  The  building  in  which 
these  parts  were  mounted  was  designed  expressly  for  the  purpose 
and  consisted  of  several  apartments,  chief  among  which  were  a 
large  auditorium,  and  a  well-designed  structure  for  covering  the 
mirror  and  its  mounting,  while  connecting  these  two  was  a  high 
colonnade  running  due  north  and  south,  in  which  was  mounted 
in  a  stationary  horizontal  position  the  great  telescoix)  tube,  its 
objective  end  turned  toward  the  mirror,  and  its  eye  end  project- 
infj  into  the  auditorium.  The  tube  was  11)6  feet  long  and  between 
four  and  live  fe(^t  in  diameter,  and  it  rested  on  high  masonry 
piers  set  at  frequent  intervals.  The  crown  and  flint  disks  of  the 
photographic  and  visual  combinations  in  their  cells  were  mounted 
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on  a  special  truck  running  on  a  transverse  track,  so  that  either  pair 
of  lenses  could  be  readily  put  in  its  place  in  the  tube  as  the  opera- 
tor might  desire,  while  at  the  opposite  end  of  the  tube  a  truck 
running  on  a  lateral  track  carried  the  eye  end,  which  was  designed 
for  holding  the  usual  accessories,  and  which  was  flexibly  connected 
with  the  tube  by  a  bellows  to  provide  for  properly  focussing  the 
instrument.  In  other  respects,  however,  the  telescope  proper 
did  not  differ  materially  from  the  lens-carrying  tubes  of  other 
telescopes. 

The  mission  of  the  mirror  to  which  we  have  already  referred 
was  to  reflect  the  desired  portion  of  the  heavens  into  a  telescope — 
that  is,  instead  of  pointing  a  movable  telescope  to  the  heavens,  the 
heavens  were  reflected  into  a  stationary  telescope  by  means  of  a 
movable  mirror,  mounted  in  this  case  on  the  principle  of  the  Fou- 
cault  Siderostadt.  It  will  be  seen,  therefore,  that  the  successful 
working  of  the  instrument  must  depend  upon  the  accuracy  of  the 
mirror  and  the  perfection  with  which,  while  constantly  changing 
its  position  to  follow  the  stars,  it  can  reproduce  the  desired  portion 
of  the  heavens  into  the  telescope,  for  any  errors  in  the  reflected 
image  would  be  only  magnified  to  worse  distortions  by  the  great 
lens  itself.  The  mirror  was  a  plain  silvered  glass  disk  6^  feet  in 
diameter  and  a  little  over  10  inches  thick.  It  weighed  1^  tons, 
and  was  mounted  in  a  cell  of  about  the  same  weight.  The  cell 
turned  on  trunnions,  from  which  the  weight  was  partially  relieved 
by  ingenious  systems  of  levers  and  counterpoise  weights,  and  the 
yoke  which  carried  this  cell,  a  total  weight  of  several  tons,  was 
mounted  so  that  it  could  be  turned  about  a  vertical  axis,  from 
which  a  great  portion  of  the  weight  was  relieved  by  floating  on  a 
mercury  bath.  This  system  of  mounting,  it  will  be  observed,  not 
only  I'educed  greatly  the  power  required  to  turn  these  parts,  but 
for  all  practical  ])urposes  made  the  problem  of  motion  as  though 
the  parts  in  question  were  of  smaller  mass.  The  yoke  carrying 
the  mirror  was  mounted  in  an  enormous  cast-iron  base  built  in 
sections  in  the  sliape  of  a  conventionalized  letter  i,  the  vertical 
limb  of  which  was  a  column  o-i  feet  high  and  curved  somewhat 
forward.  At  the  top  of  this  column  was  mounted  the  polar  axis 
of  the  instrument,  the  axis  parallel  to  that  of  the  earth,  while  the 
mirror  and  its  suppoi'ts  were  at  the  toe  of  the  base.  The  polar 
axis  and  \\\i)  mirror  were  flexibly  connected  by  a  clever  combina- 
tion of  levers,  <i:ears,  and  sliding  joints,  so  that  motion  from  the 
drivini::  clock,  which  caused  the  polar  axis  to  turn  round  at  auni- 
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J/)'.  A?nb?'ofte  Sfvctset/. — This  pa{)er  is  extremely  interesting, 
inasmuch  as  it  gives  a  full  description  of  a  very  important  lino 
of  machine  tools,  and  T  tliink  our  Society  is  to  be  congratulated 
upon  having  such  a  complete  record  of  the  bevel-gear-cutting 
engines  which  were  exhibited  at  the  Paris  Ex])osition.  Mr. 
Miller  has  covered  the  ground  so  thoroughly  I  do  not  know  that 
I  can  add  anvthin*^  more  whicli  will  be  of  interest.  I  will  sav, 
however,  tliat  in  lookin*?  over  these  maeliines  durinf]:  mv  visit  to 
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the  Exposition  I  was  struck  witli  two  points. 

Some  of  the  machines  referre<l  to  were  of  admirable  design, 
and  the  workmanshij)  Avas  of  the  higliest  order;  wliile  in  othera, 
although  the  ]»rinci])les  enibodii^d  were  most  excellent,  yet  the 
design  and  workmanship  were  not  sucli  as  to  carry  out  the  prin- 
ciples emboilied  to  the  l)est  advantage.  Xo  doubt,  however, 
as  later  machines  are  constructed  thev  will  be  ori'catlv  im- 
proved,  and  eventually  we  may  expect  some  useful  and  practical 
bevel-gear  cutters,  even  from  machin(»s  which  did  not  a])])ear  to 
the  best  advantage  at  the  Exi>osition. 
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IVo.  §9§.« 

A  FEW  INSTRUMENTS  OF  PRECISION  AT  THE  PARIS 

EXPOSITION  OF  1000. 

BT  WILLIAM  E.    REED,   CLEVELAND,   OHIO. 

(Member  of  the  Society.) 

One  of  the  unique  features  of  the  Paris  Exposition  of  1900  was 
the  organization  of  retrospective  or  historical  exhibits  in  various 
French  sections.  It  was  a  feature  particularly  appropriate  to  an 
exposition  held,  as  this  one  was,  during  the  last  year  of  a  most 
eventful  century,  and  one  which  placed  men  under  obligation  to 
the  generous  thoughtfulness  of  a  warm-hearted  and  painstaking 
people,  who  thus  commcndably  honored  the  pioneers  in  many 
branches,  as  at  the  close  of  the  century  the  world  came  to- 
gether to  admire  the  achievements  which  their  earlier  conceptions 
heralded. 

So  it  was  that  the  French  instruments  of  precision  on  the 
Champ  de  Mars  were  most  appropriately  surrounded  by  well- 
ordered  groupings  of  strangely  conceived  and  curiously  orna- 
mented old  microscopes  and  telescopes  and  sextants  and  reading 
glasses,  the  interesting  beginnings  of  years  ago,  from  which  have 
come  by  steady  development  the  scientific  instruments  of  to-day ; 
the  indispensable  allies  of  research,  invention,  discovery. 

As  would  naturally  be  expected,  the  exhibits  of  the  French 
makers  of  instruments  of  precision,  both  in  number  and  size,  were 
larger  than  those  from  any  other  country,  but  there  was  much 
repetition  and  similarity  in  these  sections.  There  were,  for  in- 
stance, many  exhibits  of  opera  glasses  and  aneroids,  and  ther- 
mometei's,  and  liygrometers,  and  anemometers,  but  that  which 
was  strikino^lv  new  was  rather  to  be  searched  for  than  to  be 
easilv  found.  Tliere  were  a  laro^e  number  of  three  and  four  inch 
telescopes  made  in  brass,  highly  polished  and  lacquered,  but  with 
little  evidence  of  real  improvement  in  design  over  the  models  of 
years  ago. 


*  Presented  at  the  Milwaukee  meeting  (May,  1901)  of  the  American  Society  of 
Mechanical  Engineers,  and  fonning  i)art  of  Volume  XXII.  of  the  Transactions, 
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DISri'SSION. 

Mr,  Amh7*(fse  ISirasetj. — This  pa]>er  is  extremely  interesting, 
inasmuch  as  it  gives  a  full  doscription  of  a  very  important  line 
of  machine  tools,  and  I  think  our  Society  is  to  be  congratulated 
u|)on  having  such  a  complete  i-ecord  of  the  bevel-gear-cutting 
engines  which  were  exhibited  at  the  Paris  Exposition.  Mr. 
IMiller  has  (*overe(l  the  ground  so  thoroughly  I  do  not  know  that 
I  can  add  anvthin^:  more  which  will  be  of  interest.  I  will  sav, 
howeviir,  that  in  looking  ov(»r  these  machines  during  my  visit  to 
the  Exposition  I  was  struck  with  two  points. 

Some  of  the  machin(*s  referred  to  wt^'e  of  admirable  design, 
and  the  worknuinship  was  of  tlie  highest  order;  while  in  othei*s, 
although  th(»  princii)les  embodied  wei*e  most  (excellent,  yet  the 
design  and  workmanship  were  not  such  as  to  carry  out  the  prin- 
cipl(>s  embodied  to  the  lx»st  advantage.  Xo  doubt,  Iiowever, 
as  later  machines  are  construct^nl  thev  will  be  <i:reatlv  im- 
prove<l,  and  eventually  Ave  may  expei*t  some  useful  and  practical 
bevel-gear  cutters,  even  from  machines  which  did  not  appear  to 
the  best  advantage  at  the  Expi>sitiou. 
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IVo.  §9§.« 

A  FEW  INSTRUMENTS  OF  PRECISION  AT  THE  PARIS 

EXPOSITION  OF  1000. 

BT  WILLIAM  £.    REED,   CLEVELAND,   OHIO. 

(Member  of  the  Society.) 

One  of  the  unique  features  of  the  Paris  Exposition  of  1900  was 
the  organization  of  retrospective  or  historical  exhibits  in  various 
French  sections.  It  was  a  feature  particularly  appropriate  to  an 
exposition  held,  as  this  one  was,  during  the  last  year  of  a  most 
eventful  century,  and  one  which  placed  men  under  obligation  to 
the  generous  thoughtfulness  of  a  warm-hearted  and  painstaking 
people,  who  thus  commendably  honored  the  pioneers  in  many 
branches,  as  at  the  close  of  the  century  the  world  came  to- 
gether to  admire  the  achievements  which  their  earlier  conceptions 
heralded. 

So  it  was  that  the  French  instruments  of  precision  on  the 
Champ  de  Mars  were  most  appropriately  surrounded  by  well- 
ordered  groupings  of  strangely  conceived  and  curiously  orna- 
mented old  microscopes  and  telescopes  and  sextants  and  reading 
glasses,  the  interesting  beginnings  of  years  ago,  from  which  have 
come  by  steady  development  the  scientific  instruments  of  to-day ; 
the  indispensable  allies  of  research,  invention,  discovery. 

As  would  naturally  be  expected,  the  exhibits  of  the  French 
makers  of  instruments  of  precision,  both  in  number  and  size,  were 
larger  than  those  from  any  other  country,  but  there  was  much 
repetition  and  similarity  in  these  sections.  There  were,  for  in- 
stance, many  exhibits  of  opera  glasses  and  aneroids,  and  ther- 
mometei's,  and  hygrometers,  and  anemometers,  but  that  which 
was  strikino-Jv  new  was  rather  to  be  searched  for  than  to  be 
easilv  found.  There  were  a  larw  number  of  three  and  four  inch 
telescopes  made  in  brass,  highly  polished  and  lacquered,  but  with 
little  evidence  of  real  improvement  in  design  over  the  models  of 
years  ago. 

*  Presented  at  the  Milwaukee  meeting  (May,  1901)  of  the  American  Society  of 
MediaDical  Enginetrs,  and  fonning  part  of  Volume  XXII.  of  the  Transactions, 
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J/)'.  Amhr(fHe  /Sirasef/. — This  pa]>er  is  extremely  interesting, 
inasmuch  as  it  gives  a  full  doscription  of  a  very  important  line 
of  machine  tools,  and  I  think  our  Society  is  to  bo  congratulated 
uj>on  having  such  a  com])leto  record  of  the  bevel-gear-cutting 
engines  wliicli  were  exhibitinl  at  the  Paris  Ex])osition.  Mr. 
Miller  has  covered  the  ground  so  thoi'oughly  I  do  not  know  that 
I  can  add  anvthin^?  more  which  will  be  of  interest.  I  Avill  sav, 
however,  that  in  lookin*]:  ov(*r  these  machines  durin«2:  "^v  visit  to 
the  Ex]K)siti()n  I  was  struck  with  two  points. 

Some  of  the  machines  referi'ed  to  were  of  admirable  design, 
and  the  workmanship  was  of  the  highest  order;  while  in  others, 
altliough  the  ])rincij)les  eml)odi(Hl  were  most  excellent,  yet  the 
<lesign  and  workmanship  wei*e  not  such  as  to  carry  out  the  prin- 
ciples embodied  to  the  best  advantage.  No  doubt,  however, 
as  later  machines  are  constructed  they  will  be  greatly  im- 
proved, and  eventually  we  may  exi)ect  some  useful  and  practical 
bev<4-gear  cutters,  even  from  machines  which  did  not  appear  to 
the  best  advantage  at  the  Exposition. 
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]Vo.  §9§.« 

A  FEW  INSTRUMENTS  OF  PRECISION  AT  THE  PARIS 

EXPOSITION  OF  1000, 

BT  WILLIAM  E.  HEED,  CLEVELAND,  OHIO. 

(Member  of  the  Society.) 

One  of  the  unique  features  of  the  Paris  Exposition  of  1900  was 
the  organization  of  retrospective  or  historical  exhibits  in  various 
French  sections.  It  was  a  feature  particularly  appropriate  to  an 
exposition  held,  as  this  one  was,  during  the  last  year  of  a  most 
eventful  century,  and  one  which  placed  men  under  obligation  to 
the  generous  thoughtfulness  of  a  warm-hearted  and  painstaking 
people,  who  thus  commendably  honored  the  pioneers  in  many 
branches,  as  at  the  close  of  the  century  the  world  came  to- 
gethei*  to  admire  the  achievements  which  their  earlier  conceptions 
heralded. 

So  it  was  that  the  French  instruments  of  precision  on  the 
Champ  de  Mars  were  most  appropriately  surrounded  by  well- 
ordered  groupings  of  strangely  conceived  and  curiously  orna- 
mented old  microscopes  and  telescopes  and  sextants  and  reading 
glasses,  the  interesting  beginnings  of  years  ago,  from  which  have 
come  by  steady  development  the  scientific  instruments  of  to-day ; 
the  indispensable  allies  of  research,  invention,  discovery. 

As  would  naturally  be  expected,  the  exhibits  of  the  French 
makers  of  instruments  of  precision,  both  in  number  and  size,  were 
larger  than  those  from  any  other  country,  but  there  was  much 
repetition  and  similarity  in  these  sections.  There  were,  for  in- 
stance, many  exhibits  of  opera  glasses  and  aneroids,  and  ther- 
mometei's,  and  hygrometers,  and  anemometers,  but  that  which 
was  strikin^Hv  new  was  i-ather  to  be  searched  for  than  to  be 
easily  found.  There  were  a  lar^e  number  of  three  and  four  inch 
telescopies  made  in  brass,  highly  polished  and  lacquered,  but  with 
little  evidence  of  real  improvement  in  design  over  the  models  of 
yeiirs  ago. 

*  Presented  at  the  Milwaukee  rae^^ting  (May,  1901)  of  the  American  Society  of 
Mechanical  Engine»^rs,  and  forming  ])art  of  Volume  XXII.  of  the  Transactions, 
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sco|>e,  a  horizontiil  tube  seven  feet  long  with  two  objectives,  both 
mounted  on  the  same  side  of  tlie  tube,  but  at  opi)osite  ends,  the  axes 
of  the  objectives  being  at  right  angles  to  the  axis  of  the  tube.  In 
the  centre  of  the  tube,  and  on  the  opposite  siilo  from  the  objectives 
were  the  two  eye-pieces.  Just  ini?ide  of  the  objectives,  prisms 
turned  the  rays  of  light  down  the  tul)e  towards  the  centre,  and 
other  prisms  near  the  centre  turned  them  out  again  through  the 
eye-pieces.  In  this  particular  instance  there  was  a  magnifying 
power  of  twenty,  so  that,  to  all  intents  and  purposes,  one  saw  as 
though  one's  eyes  had  been  suddenly  moved  apart  six  or  seven 
feet,  and  as  though  the  object  vieweil  were  twenty  times  as  near. 
This  change  of  the  eves  to  a  wider  base  line  does  what  the  ster- 
eoscope  does  to  the  photograph,  makes  the  objects  seen — trees, 
knolls,  groves,  houses  ''stand  out"  in  space,  as  they  do  not 
a])pear  to  do,  anil  for  obvious  reasons,  when  seen  in  the  compara- 
tively flat  field  of  an  ordinary  telescope.  Perhajis  as  a  practical 
instrument  for  work-a-day  use  this  type  would  have  limited 
usefulness,  and  yet  surely  that  does  not  detract  from  the  enjoy- 
ment of  its  many  interesting  features. 

In  still  another  instrument  constructed  on  the  same  principle  as 
the  one  just  described,  but  of  much  smaller  size,  an  empirical  saw- 
tooth scale,  ])laced  within  the  field,  enabled  the  observer  to  readily 
and  accurately  judge  the  distance  of  objects  not  farther  away  than 
two  or  three  miles,  for  l>eing  seen  through  the  glass,  they  were 
easily  caused  to  come  apparently  into  their  proper  place  on  the 
scale,  from  which  the  distance  was  read. 

The  space  allotted  to  the  United  States  for  all  its  Liberal  Arts 
exhibits  was  by  no  means  large,  and  the  arrangement  necessitated 
much  crowiling  and  the  close  proximity  of  very  dissimilar  sub- 
jects, yet,  huddled  betvreen  automatic  banjos,  phonographs,  and 
false  teetli  were  some  exhibits  of  instruments  of  precision  which 
attracted  no  little  attention.  The  Brown  and  Shaq^e  Manufac- 
turing (?o.,  of  Providence,  showed  the  delicate  measuring  in- 
struments— micrometers,  scales,  vernier-calijiers — by  which  the 
mechanician  gauges  accuracy.  Xo  large  case  was  required  for 
their  exhibit  in  this  section,  but  its  contents,  though  small,  repre- 
sented great  intrinsic  value.  Little  wonder  that  men  paused  here, 
and  passing,  commented  that  this  exhibit  stooil  for  the  very  highest 
standards  in  its  lines  the  whole  world  round. 

Xearby  was  the  optical  and  physical  exhibit  of  J.  A.  Brashear, 
of  Allegheny,  Pa.,  showing   to  within  what   .ilmost   inappreci- 
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able  limits  it  is  possible  to  jipproach  perfection  :  Test-planes  with 
surfaces  parallel  to  within, 00001  incii ;  compound  pi-jsrns  which,  by 
the  exceeding  accuracy  of  their  many  sides,  received  light  from  a 
given  object,  rellectetl  it,  divided  it,  united  it,  and  sent  it  forth 
again  entirely  inverted  from  its  position  on  entering:  speculum 
metal  plates,  prepared  at  the  same  laboratory  with  such  esactness 
of  surface  that  by  Dr.  Rowland's  famous  engine  at  the  Johns 
Hopkins  University  diffraction  gratings  were  ruled  upon  them  by 
engraving  parallel  lines  1.^,000  to  the  inch  both  on  flat  and  con- 
cave surfaces;  S]iectroacopes  whicli.  both  in  ingenuity  of  design 
and  mechanical  perfection  of  workmanship,  have  gone  far  toward 
giving  American  astronomers  important  ativantages  in  the  science 
of  astrophysics.  Here,  too,  Warner  and  Swasey,  of  Cleveland, 
exhibited  some  of  the  astronomical  instniraent3  for  the  making  of 
which  they  have  become  so  widely  known.  A  twelve-inch  tele- 
scope appeared  in  decided  contrast  to  any  of  the  similar  instru- 
ments exhibited  elsewhere,  by  reason  of  the  ingenuity  displayed 
in  its  design  and  the  convenience  with  which  it  could  be  operated, 
A  hand  wheel  at  the  north  side  of  the  column  within  easy  reach 
of  the  operator  furnished  means  for  tiiming  the  tube  at  will  on 
the  polar  axis.  Just  above  this  much  appreciated  convenience 
was  p]ace<l  a  station.ary  dial  which  by  means  of  a  pointer  con- 
nected by  gearing  with  the  polar  axis  gave  the  hour  circle  read- 
ings, or  by  means  of  a  movable  dial  within  the  one  just  referred 
to,  and  concentric  with  it,  the  inner  dial  being  connected  with  the 
driving  clock,  true  riglit  ascension  could  be  read  by  means  of  the 
same  pointer.  Still  again,  reading  microscopes  and  pri.sms  placed 
jitst  above  the  dial  enabled  the  o]Terator  to  read  the  fine  gradua- 
tions on  the  face  of  the  hour  circle,  mounted  on  the  polar  axis 
110  degrees  and  no  little  distance  above.  At  the  eye  end  of  the 
telescope  was  a  uniqiie  position  micTOmeter  provided  with  in- 
genious means  of  securing  both  filar  and  field  illumination, 
as  well  as  lighting  for  i-eading  the  position  circle  verniers,  llie 
micrometer  head  and  the  revolution  counter,  all  by  meaiiii  of 
one  single  incandescent  electric  lamp,  the  lamp  being  mounted 
within  a  metal  lantern,  so  that  the  rays  of  light  would  in  no 
wise  interfere  with  the  observations  of  the  astronomer. 

The  general  design  of  this  telescope  attracted  much  attention  : 
a  rigid  but  graceful  column  with  evidence  of  the  designer's  skill 
even  at  tljn  corners,  a  light,  stmng,  fltiff  steel  tube,  the  wbnln  in- 
slnnni'iit   paiiUeii  and  varnished — a  most  suitable  finish  for  an 
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instrument  that  must  bo  out  of  doors  more  or  less,  and  always 
subjected  to  changable  weather  conditions. 

On  smaller  instruments  in  this  same  oxliibit  a  three-inch  Com- 
bined Transit  and  Zenith  Teloscojie  and  a  two-inch  Alt-azimuth, 
the  instruments  hv  which  celestial  measurenionts  are  made,  were 
reading  circles  graduated  on  tlie  now  circular  dividing  engine 
designed  and  built  by  this  conijiany,  the  graduations  being 
correct  within  a  irreater  de«j:r(ie  of  ac*cui'a(»v  than  ever  before 
obtained  in  circular  dividing,  the  iiiaxiiiiuni  error  of  the  auto- 
matic graduations  being  within  one  second  of  arc. 

A  further  noticeable  feature  in  these*,  instruments  wjis  the  fact 
that  iron  and  steel  had  been  hirgely  substituted  for  brass  and  iron, 
in  order  that  temperature  changes  might  cause  the  least  serious 
disturbances. 

One  of  the  unique  and  strikingly  new  instruments  which,  while 
it  hardly  comes  under  the  heading  of  Instruments  of  Precision, 
was  none  the  less  of  a  precise  and  delicate  natuiv,  came  from  the 
land  of  the  much  used  telephone,  Denmark,  an<l  was  called  by  its 
inventor  a  recording  telephone.  It  was  not  a  teh^phono  merely, 
nor  a  phonograph,  nor  was  it  a  com Iji nation  of  these  two  instru- 
ments, although  the  result  which  it  produced  was  what  might  be 
expected  if  two  such  instruments  should  bo  made  to  work  in  har- 
mony with  each  other.  It  was  di^signed  for  use  in  places  where 
perchance  no  one  might  be  present  to  receive  the  telephone  call. 
The  would-be  speaker  delivers  his  message  as  though  a  friendly 
ear  were  listening,  and  all  unobserved  the  recorder  preserves  the 
spoken  words  till  a  listener  comes,  when,  at  his  bidding,  in  speech 
audil)le  through  the  receiver  of  the  t<'lophune,  it  repeats  the 
sender's  i)hrases.  The  instrumc^nt  is  hcaiuirully  simple^  no 
chiseled  groove  of  varying  depth  in  [>lato  ni*  drum  causes  the 
vibrations  which  produce  the  sound,  hut  a  small  sUm'I  wire,  mag- 
netized transverselv,  is  the  secrot  <>f  its  woikin«i".  A  drum  four  or 
live  inches  in  diameter,  an<l  ton  or  twrlvo  inchos  long,  carries 
carefully  wound  on  its  circumferoncc^  a  s|>ii'al  of  hard  bright  steel 
wire,  perhaps  3^3-  of  one  inch  in  diameter,  and  wound  with  a 
diameter's  width  bc^tweon  each  loop.  On  a  round  metal  rod  or 
guide  placed  parallel  with  the  axis  of  tho  drum  there  travels  a 
little  carriage  which  moves  freely  hai^kward  or  forward,  and 
carries  with  it  a  small  double-polo  «»lecti*o-magnot,  wcmnd  with 
many  turns  of  line  insulated  Avin\  Thv,  [)olo  slux^s  are  just  far 
enough  apart  to  fit  snugly  astride  the  wire,  and  they  make  ample 
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contact  ffitli  it,  so  that  tliis  wire  helix  is  all  that  is  needed  to 
cause  the  carriage  to  travel  laterally  when  clockwork  makes  the 
drum  revolve.  The  magnet  wire  is  in  cireuit  with  the  sending 
telephone,  and  by  reason  of  tlie  varying  current  [lasaing  through 
it  as  speech  is  tranamittod,  the  magnet  varies  in  strength  and 
magnetizus  the  steel  wire  on  the  drum  transversely  to  varying 
degrees  of  intensity.  The  length  of  the  drum  and  its  coil  deter- 
mine tlie  length  of  the  conversation;  and  when,  as  is  easily 
arranged,  the  magnet  is  carried  back  to  the  starting  point  and, 
being  placed  once  more  in  contact  witii  the  helix,  the  drum  is 
again  revolved,  the  varying  intensities  of  the  field  thraogh  which 
the  magnet  passes  cause  the  undulating  current,  by  the  well- 
known  laws  of  induction,  to  floiv  once  more  through  the  fine 
wirnfi  of  the  electro-magnet  and  through  the  line  setting  in  mo- 
tion the  diaphragm  of  the  receiving  telephone,  till  for  all  the  world 
one  could  not  tell  but  that  one's  friend  were  actually  at  the  send- 
ing end,  save  for  a  mechanical  persistency  in  speech  which  would 
not  permit  of  interruption. 

More  than  one  repetition  of  the  message  is  practicable,  and 
when  finished  the  magnet  is  once  again  caused  to  follow  along 
the  wire  path,  this  time  with  an  even  current  flowing  through  its 
spools,  an<l  the  wire  is  demagnetized  through  its  entire  length  to 
one  and  the  same  degree  of  intensity  and  made  ready  for  another 
message. 

It  is  with  no  little  reluctance  that  we  most  needs  finish  this 
sketch  without  having  mentioned  still  other  instruments  of  pre- 
cision, not  so  preminently  exhibited  perha[iB,  yet  none  the  less 
worthy.  But  we  ivouki  not  impose  upon  your  patience ;  and  if 
we  would,  such  was  the  wonder  of  the  harmonious  whole  that 
sprang  as  hy  magic  from  the  chisty  confusion  of  those  days  of 
intense  effort  before  the  opening  of  the  ExjKwition,  that  a  sojourn 
such  as  ours,  oven  though  it  lasted  from  that  early  time  until  yet 
worae  confusion  announced  its  close,  was  no  long  period  in  wliich 
to  assure  oneself  that  there  was  still  no  new  thing  to  be  seen. 
Nor  »-ould  we  turn  from  this  subject  without  gladly  recording 
our  wfinri  i^iutitmie  lo  the  people  of  the  sister  republic  for  their 
Expi.isltinn  of  l!ni'>,  ami  for  its  rare  opportunities  for  study,  for 
votnpiirU--!)  iii  .^lnjj^-'fi  id  progress,  and  for  buoyant  inspiration  as 
we  turn  our  fucos  tow:ird  tlio  future. 
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SOME  EXPERIMEXrS  OS  BALL    STEP-BEARINOS.^ 

C.   II.  BENJAMIN,  CLEVELAND,   OHIO. 

^Member  of  the  Society. ) 

Most  of  the  published  experiments  on  steel  balls  have  merely 
shown  the  crushing  strength  of  the  balls  under  a  dead  load. 
In  service,  balls  do  not  fail  in  this  way,  and  figures  for  the 
ultimate  crushing  strength  are  veiy  misleading  when  used  as  a 
basis  for  designing  bearings.  Some  other  experiments  have 
been  made  on  bearings  running  at  a  moderately  high  speed 
under  light  loads  to  determine  the  frictional  resistance.  It 
seemed  desirable  to  make  some  further  experiments,  which 
should  show  the  behavior  of  steel  balls  when  running  at  various 
speeds  and  under  gradual!}'  increasing  pressures,  to  meaenre 
the  horse-power  consumed,  and  to  determine  the  manner  of 
failure. 

Some  investigations  of  this  nature  were  made,  under  the  direc- 
tion of  the  writer,  bv  senior  students  of  the  Case  School  of 
Applied  Science  during  tlje  years  181)9-1900.  The  apparatus 
to  be  described  was  designed  and  built  by  Messrs.  Qrothe  and 
Stephan,  of  tlie  class  of  1899,  and  a  few  experiments  made. 
The  work  was  continued  tlie  next  year  by  Messrs.  Hanlon  and 
Harper,  of  the  class  of  1900. 

Some  of  tlie  plienomena  wliich  developed  in  the  course  of 
these  experiments  were  novel  and  of  such  interest  as  to  warrant 
their  ])ubli cation. 

The  experiments  so  far  made  have  been  confined  to  thrust  or 
step-bearings,  and  tlie  ap])aratus  used  is  shown  in  Fig.  290.  The 
spindle  .1  is  held  uprit^'lit  bv  the  circular  base  /^  which  latter 
rests  on  the  platform  of  a  testing  machine.  On  the  spindle 
revolves  the  pulley  B,  diivcn  by  a  belt  from  a  Webber  dynamo- 

*  PreM»nt(^l  at  the  Milwuuk»'e  mt'otiii^  (May,  1901)  of  the  American  Society 
of  Mechanical  Enpiu'crs.  and  for,nin«^^  \n\v*  of  Voliinic  XXII.  of  the  TranwcUom, 
f  For  previous  disnissionM  on  this  t<>[)i<'.  consult  TrnuHnetwtts  as  follows: 

No.  82i»,  vol.  XX.,  1..  s{)[  :  "  Kl.jvutnrs.'*     C.  H.  Pmtt. 

No.  841.  vol.  XX?.,  p.  \m  :  -Stren^rtl,  of  Steel  BalK"    J.  F.  W.  Harris. 
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mdter  need  to  measure  the  power  transmitted.  This  pnllej  lias 
ball  beariogB  above  and  below,  precisely  alike  in  character 
and  size.  Pressure  is  transmitted  by  the  block  G  attached  to 
the  crosB-head  of  the  testing  machine.  The  ring  of  balls  to  be 
tested  runs  between  the  two  hardened  and  ground  plates  C  and 
D,  and  is  kept  in  place  by  the  loose  retaining  rings  E  and  F. 
The  central  well  /is  used  for  oiling  the  spindle,  the  radial  holes 
y  remove  surplus  oil  by  centrifugal  force,  and  the  packing  rings 
^  of  vulcanized  fibre  prevent  the  oil  from  getting  into  the  ball 
bearings. 


Pio.  2fl0. 


The  hardened  plates  and  the  retaining  rings  could  be  changed 
at  pleasure,  and  any  size  or  number  of  balls  used.  Fig.  291  is 
from  a  photograph  of  the  apparatus  removed  from  the  testing 
machine  and  with  plates  loosened  to  show  the  construction. 

With  this  device  it  was  possible  to  test  step  bearings  with 
different  sizes  and  arrangements  of  balls  under  any  desired  pres- 
sure, and  at  the  same  time  to  measure  the  power  consumed  in 
driving.  Ti>  establish  a  zero  reading  of  power,  the  apparatus 
was  driven  without  any  load  on  the  bearings,  and  the  horse- 
power nnted, 

111  indfit  nf  thp  experiments  to  be  described  a  wooden  pall«j 
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14  iDches  in  diameter  was  clampeil  outside  the  pulley  B  to  give 
more  torque. 

The  Bteel  balls  and  the  hardened  pliites  were  obtained  ot 
firms  making  a  specialty  of  this  kind  of  work.  The  first  ex- 
periments were  made  with  l-iuch  balls  and  flat  plates,  the  speed 
being  375  revolutions  a  minute. 


CM 


As  the  pressure  on  the  bearing  was  increaaed  it  was  fonnd 
that  the  balls  exerted  a  considerable  radial  pressure  on  the 
outer  retaining  ring  F,  Fig.  290. 

Under  a  load  of  :;,000  pounds  this  pressure  was  sufficient  to 
cut  a  groove  in  the  retaining  ring.  When  the  ring  was  allowed 
to  revolve  freely  with  the  balls,  each  ball  would  indeut  the  ring ; 
and  when  the  ring  was  removed,  thirty-one  distinct  dents  oould 
be  seen  at  regular  intervals,  one  for  each  ball. 
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Thinking  that  this  might  be  due  to  springing  of  the  plates 
under  pressure,  we  made  the  next  lot  of  plates  slightly  concaTe 
at  angles  of  10  minutes,  20  minutes,  30  minutes,  and  40  minutes, 
so  as  to  bring  the  pressure  of  the  rings  directly  above  and 
below  the  ball  circles.  Instead  of  remedying  the  difficulty,  this 
made  it  worse,  the  outward  pressure  being  greater  than  before. 

At  the  speed  used  (375  revolutions  per  minute)  the  centrifugal 
force  was  not  enough  to  account  for  the  radial  pressure,  and  the 
following  was  suggested  as  an  explanation : 

A  pressure  of  2,000  pounds  and  upward  on  a  bearing  of  this 
size  (about  thirty  i-inch  balls)  is  probably  sufficient  to  slightly 
distort  the  balls  and  change  each  sphere  into  a  partial  cylinder 
at  tlie  touching  points.  While  of  this  shape  it  would  tend  to 
roll  in  a  straight  line  or  a  tangent  to  the  circle,  thus  pressing 
against  the  outer  retaining  ring. 

Acting  on  this  suggestion,  we  next  had  plates  ground  slightly 
convex,  as  shown  in  Fig.  292,  the  first  angle  tried  being  20  min- 
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Fig.  292. 

utes  :  40  minutes  and  then  1  degree  were  tried,  with  a  decided  im- 
provement in  the  conditions,  it  being  possible  with  the  last 
angle  to  increase  the  pressure  up  to  3,000  pounds  without  ex- 
cessive friction. 

k\\  angle  of  1  degree  30  minutes  being  tried,  the  radial  pres- 
sure again  increased.  It  was  supposed  that  the  angle  between 
the  plates,  now  3  degrees,  was  sufficient  to  cause  the  balls  to  be 
wedged  out  against  the  ring. 

The  subsequent  experiments  were  made  with  plates  having 
each  an  angle  of  1  degree,  or  2  degrees  between  the  plates. 
Circular  tongs  were  made  with  which  to  grasp  the  retaining 
rings  and  determine  when  the  radial  pressure  became  excessive. 
It  may  be  stated  in  general  that  under  no  circumstances  was  it 
possible  to  load  a  bearing  of  the  size  mentioned  over  3,000 
pounds  without  seriously  impairing  its  efficiency  and  durability. 

Now,  thirty  j-incli  balls  should  have  (according  to  the  results 
of  experiments  on  direct  compression)  an  ultimate  combined 
strength  of  about  1.S0,()00  pounds,  and  a  safe  working  strength 
of  about  3(),00()  pounds. 
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At  one-twelftb  of  this  working  load  the  balls  in  such  a  bear- 
ing would  lose  all  value  as  transmission  elements.  The  retain- 
ing ring,  when  carried  around  by  the  balls,  was  always  liable 
to  rub  against  either  top  or  bottom  plate  and  canse  abrasion 
and  heating. 

When  the  balls  were  retained  in  one  circle,  as  shown  in  F%. 
290.  the  continual  travel  in  one  path  soon  grooved  the  plates 


enough  to  injare  them.  One  plate  developetl  radial  cracks  nnder 
this  treatment,  probably  on  account  of  the  stretching  nf  the  outer 
circumference  by  the  drawing  effect  of  the  balls. 

Different  radii  of  ball  circles  and  different  sizes  of  balls  were 
tried,  as  may  be  seen  from  tbe  tables, 

One  plate  was  broken,  as  shown  in  Fig.  '193,  the  cirole  of  balls 
having  a  diameter  of  about  2.25  inches  and  the  pressure  being   I 
4,000  pounds,  or  about  140  pounds  on  each  ^-inch  ball.     In  t^iia 
case  tlie  plate  bad  evidently  been  overheated  in  hardening. 


SOME    EXPERIMENTS    ON    11AI,L   STEP-BEARINGS. 


T37 


Several  times  bnlls  were  broken  after  runnmg  two  or  three 
lours  uiiiler  pressures  varying  from  3,(X)0  to  3,500  pounds,  or 
from  120  to  150  pounds  per  J-incL  ball.  Tbe  beating  due  to 
tbe  pressure  against  tbe  retaining  ring  was  sometimes  sufii- 
oient  to  turn  tbe  balls   blue.     The  fractured   balls,   however, 


showed  no  appearance  of  peeling  or  flaking,  but  were  broken 
square  across  at  or  near  a  diameter.     See  Fig.  294. 

In  one  series  of  experiments  the  whole  space  between  Sat 
platciH  was  filled  with  j-incb  balls  put  in  indiscriminately.     Aa 


-rt:>-r-|-T^- 


might  have  been  expected,  the  friction  was  enormously  increased 
by  this  arrangement,  and  the  belt  slipped  at  a  load  of  2,000 
pounds.     See  IX.  in  tables. 

The  three-point  bearing  shown  in  Fig.  295  did  not  give  fts 
good  results  as  the  fiat  plates,  but  this  was  partly  due  to  the 
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fact  that  the  plates  in  this  case  were  not  ground.  See  X.  in 
tables. 

We  obtained  the  best  resalts  with  a  ring  cage  (Fig.  296)  with 
holes  so  arranged  aa  to  give  each  ball  a  different  path  and  thus 
distribute  the  pressure  and  wear  on  the  plates.  As  flat  plates 
were  necessary  with  this  arrangement,  considerable  outward 
pressure  occurred.     See  VIII.  in  tables. 

In  making  the  experiments  from  which  the  following  tables 
were  compiled,  the  balls  were  carefully  cleaned,  and  although 


cr  Dliucnims. 
Fio.  297. 


greasy  were  not  oiled.  The  usual  speed  was  about  260  revo- 
lutious  per  minute  and  the  pressure  was  increased  by  additions 
of  500  pounds  until  the  belt  slipped.  The  bearing  was  run  for 
10  minutes  under  each  pressure. 

The  gross  horsepower  was  measured  for  each  load  by  the 
dynamometer  and  the  friction  horse-power  determined  by  run- 
ning the  bearing  without  pressure.  The  spindle  A  was  thor- 
oughly oiled,  oil  flying  all  the  time  from  the  radial  holes  J 
(Fig.  290). 

The  plate,  Fig.  297,  shows  graphically  tlie  gradual  increase  of 
horse-power  with  load.  The  double  curve  in  the  case  of  IX 
shows  the  extreme  variation  in  the  power  due  to  the  accidental 
interferences  of  balls  when  running  loose  without  rings  or  cages. 
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TABLE. 
s  QcoTBD  iNCLroce  both 


Kind  or  Bearing. 

Load 
Poonds. 

Oroes  Hone. 

Km  Hone- 

Haurb. 

500 

.1125 

.0105 

I.  Plates— 1  degree,  a? 
b.Ila.  i  i»ck. 

1,000 
1.600 
3,000 

.195 

.304 
.338 

.06S 
.103 
.136 

PlatM  Boft. 

_3,5O0_ 

.3:f3 

.380 

GOO 

.173 

.070 

1,000 

.216 

.lU 

1,500 

.326 

.134 

II.  I'lfttPH— Idiigree; 

2.000 

.480 

.878 

37  Imlla,  i    incli  ; 

3,5(10 

.37  ro  .54 

.17  to  .44 

■i,\  circle. 

3,000 

.583 

.481 

3,000 

.54  to  .87 

.44  to  .57 

4.000 

.8210  1.0 

.73  to  .90 

4.500 

Machine  stalleil. 

III.  PIat«s—l  degree; 
m  balU,  iTnch. 

flOO 
1,000 
1,500 

.147 
.198 
.399 

.M5 
.006 
.393 

Pool  pkte*. 

IV,  PlatPS-M(.grc:p: 

2,000 
2.500 

.357 

.350 

.155 
.348 

ill.  continued 
with  new 
plates. 

■16  ImlLs,  J  inch. 

3,()U0 
3,500 

.418 
.786 

.316 
.664 

500 

.116 

.014 

V.  Plates— 1  degree: 

1,000 

.140 

.088 

18  liHlls.  1  inch  : 

1,500 

.1>16 

.084 

lli  circle. 

2,000 

.317 

.215 

3,500 

.566 

.464 

.3.000 

.55  to  .88 

.45  to  .73 

VI.   Batm-I  .Ift-rep; 

500 

,313 

.111 

1,000 

.339 

.137 

•HI  bulla,  J  incli. 

!..)00 

.347 

.145 

2,000 

.326 

.334 

5W 

.380 

.158 

VII.   i'liili's-liU-grec; 

1,00(1 

.321 

.319 

lo  IliIIs.  1  iDcli. 

1.500 

.361 

.359 

s.oon 

500 

.660 

.556 

.137 

.035 

1.000 

.ITT 

.075 

Vlll.  Piiit,.^— flnt  dpH-, 
3M  balls,  i  incli. 

1.500 
2,000 

.188 
.278 

.096 
.176 

Sea  Figure  7. 

2,500 

.3.>4 

.352 

3,000 

,100 

1,000 

l,.",O0 

.473 

.178 
.35  to  .66 
.51  to  1.27 

,870 

IX.   PliiU-9— fiiit  ;     711 
bails.  Jind,. 

.076 
.35  to  .46 
.41  to  1.17 

Bearinjjis   iiUed 
witli  balls. 

2  000 



Machine  tilnlled. 

500 

.TfB 

.088 

1,W« 

.810 

.808 

See  Figure  «. 
Plates    not 

X.    ■riir.'f'-piiiiit  :  Irt 

1.500 

.448 

.846 

bulN,  i  iiic-li. 

a,(K)0 

2,500 

.600 

.700 

.508 
.«»8 

jfroand. 
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No.  ym.,  the  cage  bearing,  is  seen  to  be  the  most  uniform  and 
the  most  satisfactory  as  regards  power  loss.  The  irregularities 
in  most  of  the  curves  are  due  to  the  seizing  of  the  outer  ring  by 
the  balls,  as  before  explained. 

Under  heavy  pressures  and  long-continued  wear  a  ball  step- 
bearing  is  a  very  uncertain  quantity,  unless  so  designed  as  to 
eliminate  to  the  greatest  extent  possible  the  outward  radial 
pressure  of  the  balls. 

No  pressure  in  any  way  approaching  the  crushing  strength 
of  the  balls  can  be  tolerated. 


DISCUSSION. 

Prof,  Thomas  Gray, — Professor  Benjamin's  paper  recalls  to 
my  mind  an  investigation  which  I  began  about  three  years  ago, 
but  which  is  still  unfinished.  The  objects  of  this  investigation 
\vere  tlie  determination  of  the  friction  coefficient  for  balls  when 
used  in  thrust  bearings,  and  to  find,  if  possible,  what  form  of 
race  would  give  stable  running  without  the  use  of  constraining 
rings. 

The  method  of  experiment  wliich  I  adopted  resembled  in  some 
respects  that  adopted  by  Professor  Benjamin.  Like  him,  I  had 
a  double  set  of  ball  races,  leaving  a  central  portion  free  to  turn 
between  them.  The  arrangement  is  illustrated  diagrammati- 
cally  in  Fig.  2J^8.  A  spindle  S  passed  through  three  plates 
^4,  jB,  C,  and  was  arranged  to  drive  the  plates  A  and  (7,  but 
leave  B  free.  Friction  between  the  middle  plate  and  the  spindle 
was  reduced  by  a  ring  of  balls,  as  shown  in  the  diagram.  The 
whole  rested  on  a  plate  i?,  which  was  free  to  turn  around  a  ball 
race  beneath  it.  The  lowest  plate,  E^  rested  on  a  steelyard  for 
the  purpose  of  measuring  the  load  on  the  bearings. 

The  pressure  was  applied,  and  the  rotation  produced  by  means 
of  a  heavy  drill  press,  into  which  the  spindle  S  fitted  like  a  drill. 
The  torque  applied  by  the  balls  to  the  middle  plate  was  measured 
by  means  of  a  spring  dynamometer  (Fig.  290),  consisting  of  two 
pairs  of  springs  a])plied  to  the  opposite  ends  of  a  diameter  of 
the  plate  B,     This  dynamometer  held  the  plate  B  at  rest. 

The  plate  ^1  was  flat  on  top  and  conical  on  the  lower  side,  the 
plate  B  wjis  a  hollow  cone  above  and  a  convex  cone  below,  and 
the  plate  C  was  a  hollow  cone  above  and  flat  below.  The  angles 
of  the  cones  on  the  upper  surfaces  were  made  just  sufficient  to 
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cause  the  ball  tu  roll  toward  the  centre.  The  iimler  sorfaces 
were  a  few  degrees  more  cionirnl.  All  the  platea  were  Imnlenwl, 
and  the  surfaces  ground  and  polishtnl. 

The  conicjil  fonii  of  the  n]i]«»r  Hurfaces  was  adopted  for  con- 
venience after  some  preliminary  exfwriments  ivitli  flat  platea  had 
shown  that  the  balls  gradually  increased  the  radius  of  their  path. 
The  raethoii  of  experiment  was  to  start  the  ring  of  balls  either 
from  contact  with  the  spindle  or  a  ring  round  it,  and  allow  them 
to  separate  from  the  ring  and  from  each  other  as  the  path  in- 
creased in  i-ndius.     This  method  worked  well,  the  balls  i-olled 


entirely  free  from  e;icli  othor,  and  the  plates  kept  automatically 
in  adjustment.  The  re;wons  for  making  the  lower  surfaces  more 
conical  than  the  upper  were  two. 

The  first  was  tu  allow  each  ball,  irrespective  of  alight  differ- 
ence in  sine,  to  take,  automatically  its  own  share  of  the  load. 
The  second  w;is  to  test  the  following  theory :  Since  the  load  on 
the  balU  causes  them  to  roll  on  a  ring  of  seosible  brea^Uh,  the 
surfaces  uuglit  to  lie  iuLlined  at  such  an  angle  that  the  balls  may 
roll  ii.s  I'oin'S.  The  idea  was  to  test  whether  there  was  a  certain 
diaiHoUT  of  i-iu-e  nn  wliich  the  friction  would  be  a  minimum,  and 
also  wiictin']',  wlu-n  this  diameter  of  race  was  reatOied,  the  balls 
woiilil  I'oiitiiiue  to  keeji  the  same  path.  The  results  of  the  ex- 
periments indicated  ihiit  if  tlu-re  was  any  stability  of  jtath  it 
was  not  snflii'icnt  tu  .ivi-romii'  the  tendency  tri  slip  mit.  due  to 
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tlio  we(l;^in*j  action  <if  the  conical  surlaciis;  hence  a  very  large 
rarlius  won  hi  hi*  re<|uire<K  so  that  the  cone  could  l>o  made  flat 
enoiu^h. 

A  *l-in(rli  plate  was  not  sutlicient  for  a  hall  iV.-inch  diameter. 

Soin<*  <»1"  tlie  other  results  ohlainiMl  niav  Ijc  of  interest.  Ill  the 
lir^t  ])lace,  «:!-eat  <lilliculty  was  experienctMl  in  ohtaining  plates  of 
suHi(;ii*nt  hanhiess  not  tu  cut.  The  ]»lates  used  were  iiiade  from 
hi<:h-i:ia(le  t<M)l  steel,  such  as  is  used  for  nulling  eutters,  but 
sufliciiMit,  ]iar<ln(.'ss  c-ouhl  not  l>e  ohtained  to  ])enuit  a  ^'•roat  range 
of  loa<l  to  ho  used.  A  series  of  e\pt»riinents  was,  howeviT,  made 
witliin  the  allowahle  ran«:e.  Kach  experiment  consiste<l  of  a  run 
durin;rsuch  time  as  it  took'  the  balls  to  move  out  from  the  spindle 
to  the  outer  e(lo<,.  of  the  ilisU,  wiili  ohservation  of  the  tonjue  for 
(liiferent  I'ailii  of  hall  race. 

Kacli  successive  experiment  was  iiuitle  with  a  heavier  load  than 
the  precedinn-. 

The  results  ol)tain<Ml  sliowe<l  that  when  a  verv  moderate  load 

« 

was  leached  the  torcjue  incr(»ased  verv  raj)idly.  AVhen  tlie  plate 
was  taken  out.  and  (^\aniine<l  bv  relhH*te<l  liti'ht,  it  was  found  to 
liave  a,  lim^  s])ii-al  eroov<»  [)ressed  out  on  its  surface,  and  the  jx)I- 
ish  showr'd  cloud ii^.*:,-,  which  resulted  fi'om  a  want  of  uniformity 
in  iiardness.  This  want  of  uniformitv  of  liar<Uiess  was  made 
vei'v  evident  durin<^  tlie  (»x])eriment  hv  tin*  irrei»*ularitv  of  the 
dvnaniometer  indication  after  the  load  exceeded  a  certain  critical 
value.  AVitli  halls  ^  inch  di:imeter  a  loa<l  of  4n  ]iountls  per  ball 
heuan  to  dain;i;i'<^  the  surface  of  the  plate. 

So  lonii*  as  the  load  was  not  sulllcient  to  damaw  th(»  surface, 
the  tor([ue   was   found   to  follow  a  perfectly  (h^liiute  law.     Let 
y/ he  the  load  per  l>all  aiid  /'the  radius  of  the  rac<*  in  inches  at 
any  instant.     Then  the  tortjUi^  7'  w;is  foun<l  to  Ik*  (»xpresseil  by 


where  tf  and  /*  are  constants.     I'oi'  halls  2  inch  diametei*,  the  value 
of  //  and  />  wei-r  found  to  !)<• 

f/  -  -  ojHMJt;;, 

It  will  ])o  noticed  tluir  the  moment  of  fi-iction  i m dor  these  eon- 
dit  ions  is  m^vv  small.  Siippo^*  the  wiiok*  load  to  he  liJMM)  2>ounds 
o]i    I'o    l,;dls.     TImmi    /'        •_!■•   ..1HM.4:'.    ■     inoo  .:.  .000:12   X   100) 
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=  n.i!4-inch  pound  units.  When  driven  at  200  revolutions  ^jer 
miiinte,  tbia  would  give,  for  a  single  race,  0,038  horse-jiower, 
and  for  tln«  double  race  U.dTt'.  horse-power.  Comparing  this  with 
the  results  ([noted  in  the  paper,  it  wouhl  seem  that,  in  Professor 
Benjjiinin's  experiments,  at  least  two-thirds  of  the  power  was 
absorbed  by  the  constraining  rings.  The  torque  Tin  made  up 
of  two  j>art.s,  the  iirst  term  i-ejiresenting  a  eoiistJint  pivot  fric- 
tion, the  second  tlie  roIlin]2;  friction,  the  torque  from  ivhicK  is  of 
course  projwrtionid  to  the  radius. 

It  is  interesting  to  note  in  this  connection  that  when  a  nuirk 
was  put  on  one  of  the  balls  and  its  mode  of  rolling  observed,  it 
was  always  found  to  keep  practically  a  constant  axis  of  rotation. 
This  was  found  to  iw  the  case  whether  the  surfaces  ^vere  flat  or  , 
conical. 

Referring  more  |>articularly  to  Profesaor  Benjamin's  paper, 
I  may  aay  that  I  believe  he  is  correct  ivhen  he  says  tluit  the 
load  which  a  ball-bearing  can  successfully  work  under  ia  only  a 
small  fraction  of  the  strength  of  the  ball.  I  think,  liowevcr, 
that  Ins  method  of  applying  the  IfHul  is  open  to  objeotion,  be- 
cause of  its  excessive  rigidity-  The  load  should  lip  go  applied 
that  nothing  but  inertia  can  come  into  play  to  prevent  adjust- 
ment to  the  slight  irregularities  which  always  exist  in  tlie  size 
and  sjilierii'ity  of  tlie  InilU. 

"When  we  i-oTisider  tliat  it  takes  about  1,000  pounds  to  change 
the  diauii'tfi'  of  a  quiirtcr-indi  ball  by  j-^^-g  of  an  inch,  it  will  be 
seen  that  tin-  tc'sting  machine  might  contribute  materially  to  the 
grinilinj,'-  iituI  Inckiag  action. 

1  !iia<h'  MiiHc  pnliminary  exjMjriments  on  the  effect  of  con- 
straining: rinj.'-s,  but  did  not  rarry  them  far  enough  to  get  reli- 
able niiini'ni'al  d;ila.  T  use<l  simply  loose  rings,  external  to  the 
balls,  willi  nil  ri'ntcring  ring.  The  balls  were  c.iused  to  lift  and 
eaiTv  rniind  llic  Hrij^s  by  turning  a  slight  grfwive  on  the  inner 
snifarc  of  Mil-  i-ii);.^  infd  which  the  balls  slip|)ed.  at  the  same  time 
lifting-  Hir  ilii^  ..tit  <.f  contact  wiLli  the  jilato  below  it.  The 
want  (■!'  :i  ci'iilriiiiix  'iii.U'  was  a  detect,  as  1  fimnd  that  there  was 
;(  ih'eiilnl  tftiilnicy  U-i  llie  rings  to  run  eccentrically,  the  one 
;ilinvr  \\\'-  iniildli'  ]i|aii>  Lining  nut  in  One  direction,  while  that 
],.-\..w  ii  \\<-ui  mil  ill  111.' .iiipositedim'titm. 

.!/-■.  ' '.  ir.  //'!/■/.--  My  expcrii-nee  ha.s  been  rather  with  rollers 
than  Willi  l^aiU.  m>  tliiit  1  tannot  give  deJinite  information  as  to 
thi' 'li'-;iraliilii  V  nr  shvngih  of  tliis  class  of  bearings,     "We  have 
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not  used  balls  for  bearings,  except  in  a  limited  way,  and  then 
with  a  slow  motion  and  a  very  light  load  |x?r  ball.  I  do  not 
believe  that  they  can  bo  durable  in  service  where  the  load  is 
enough  to  affect  their  sphericity  (►r  the  integrity  of  the  plane  on 
which  they  run.  The  distorticm  will  ]>roduce  a  local  action 
between  them  which  will  convert  the  desirtnl  nJling  friction 
into  an  abi'ading  action.  It  is  also  ])robable  that  some  of  the 
balls  will  wear  fiuster  than  others,  thus  intensifying  the  strain  on 
the  remaining  balls. 

Mr.  C-  IL  lirnjamhi.^ — I  am  glad  to  know  of  Professor 
Gray's  experiments,  and  that  they  confinn  to  a  large  extent  my 
own  conclusions.  Considering  both  sots  of  ex|)eriments,  it  would 
soem  that  the  following  principles  have  been  established  regard- 
ing ball  step-bearings: 

1.  Tnder  even  moflerjite  pi'essures,  steel  balls  are  suflScientlj 
distorted  to  cause  them  to  seek  a  spiral  ])ath  when  rolling  on  flat 
plates. 

2.  Coning  the  plates  will  only  overcome  this  to  a  degree,  be- 
caus<^  it  cannot  be  carried  fur  enough  without  causing  the  balls 
to  slip  and  wedge  out. 

3.  The  plates  doteriorato  ra]>idly  when  the  balls  run  in  one 
path,  on  account  of  the  concentration  of  load. 

I  believe  also  that  some  «:oneral  conclusions  niav  be  drawn 
which  will  be  of  use  to  designers.  These  experiments  wonld 
indicate  that  the  crushing  strengtli  of  a  ball  has  very  little  to  do 
witli  its  usefulness  in  a  bearing;  tliat  its  hanlness  and  resistance 
to  distortion  are  the  true  measures  of  value,  that  probably  the 
reason  why  a  larger  ball  will  give  better  service  is  because  its 
surfjice  is  flatter,  and  that  tiio  nnison  whv  accuratelv  constructed 
two-point  and  three-point  bearings  do  not  show  lK>tter  results  in 
service  is  l)Ocauso  even  a  mo<lerato  load  changes  all  the  con- 
ditions. 


Aiitlior's  <rlosiin*,  uiuUt  tho  Kiil<»s. 
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No.  900,* 

A   METHOD   OF  FILING  AND  INDEXING  ENGINEER- 
ING LITERATURE,  NOTES,  DATA,  ETC. 

BY  GSOROE    H.  UARR,  WATEBVILLB,  MK. 

(Junior  Member  of  the  Society.) 

At  the  present  time,  when,  in  addition  to  the  regular  trade 
periodicals,  there  are  so  many  publications  devoted  to  a  special 
subject  or  manufacture,  it  is  a  question  with  the  busy  engineer 
or  student  how  to  keep  up  with  the  literary  side  of  his  profes- 
sion and  devote  the  necessary  time  to  his  regular  duties.  In 
many  cases  a  student  or  young  engineer,  just  starting  out  on 
his  career,  cannot  afford  to  purchase  the  books  nor  subscribe 
for  all  the  trade  publications  pertaining  to  his  work.  Even  if 
he  can  afford  the  monev,  he  cannot  afford  the  time  to  read  the 
numerous  articles.  Tlie  next  best  thing  to  knowing  a  thing  is 
to  know  where  it  can  be  found  when  wanted.  By  looking  over 
an  article  liastily,  it  is  easy  to  decide  if  it  is  worth  future  refer- 
ence, and  frequently  the  author's  name  is  suflScient  proof  that 
it  is  wortli  preserving,  or  indexing. 

The  trade  catalogues  and  circulars  of  to-day  are  far  in  advance 
of  those  issued  ten  years  ago.  Instead  of  being  mere  lists  and 
prices  of  the  articles  represented,  with  perhaps  a  few  poor  wood- 
cuts and  incomplete  descriptions,  they  are  oftentimes  good 
specimens  of  the  highest  art  of  printing,  engraving,  and  binding. 
By  tlie  clear  and  detailed  engravings,  and  lucid  description  of 
the  article,  tliese  catalogues  give  the  best  conception  of  it  that 
can  be  obtained  without  seeing  the  article  itself. 

In  addition  to  this,  many  of  them  contain  technical  informa- 
tion  re<j^arding  the  processes  or  methods  of  manufacture,  data, 
tests,  etc.,  in  connection  therewith,  that  cannot  be  found  else- 
wlif^e,  and  are  very  valuable  for  reference. 

In  some  cases  they  contain  so  much  valuable  information  that 
thoy  are  used  as  text -books  in  the  classroom.     In  fact,  a  person 

*  Presented  at  the  Mihvaukeo  meeting(May,  1901)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the  Transactions, 
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can  gain  considerable  insight  into  the  engineering  profession 
from  perusing  a  list  of  up-to-date  catalogues.  The  engineering 
handbooks  of  to-day  contain  much  information  which  originally 
appeared  in  trade  catalogues,  and  the  future  editions  of  these 
handbooks  will  contain  matter  which  is  appearing  in  current 
catalogues,  and,  in  many  cases,  is  the  result  of  original  research 
into  the  subject  treated.  It  is  desirable  to  have  such  informa- 
tion where  it  can  readily  be  found. 

There  are  many  different  methods  in  use  for  accomplishing 
this  object,  all  of  them  possessing  good  features,  but  many  of 
them  lacking  in  some  essential  qualities. 

The  writer  some  time  ago  adopted  a  method  of  filing  and 
indexing  such  information,  which  has  been  improved  upon  from 
time  to  time,  and  at  present  seems  to  possess  features  not  found 
in  any  other  method  which  he  has  seen  described. 

The  notes,  clippings,  etc.,  are  arranged  in  Dean's  Document 
File.  This  file  is  shown  in  Fig.  300,  and  consists  of  strong  Manila 
envelopes,  GJ  inches  by  10  inches,  open  at  the  end,  with  flap,  and 
with  a  binding  strip  secured  to  one  edge,  so  that  the  open  end 
is  at  the  top  of  the  book  when  bound. 

The  front  side  of  the  envelope  is  ruled,  as  shown  in  Fig.  301. 
The  title  of  the  article  is  written  in  the  column  marked  "  Sub- 
ject ";  the  author's  name,  in  that  marked  "  Authority"  ;  and  in 
the  column  marked  ''  Issue  "  is  written  the  abbreviation  of  the 
publication  from  which  the  clipping  is  taken,  and  the  date  of 
issue  of  same.  If  the  information  is  from  some  paper  or  book 
which  it  is  not  desired  to  mutilate,  the  name  of  book  and  page 
on  which  the  information  may  be  found  is  written  in  the  column 
headed  '•  Issue."  In  the  front  of  the  file  there  is  a  leaf  giving 
the  names  of  current  publications,  with  abbreviations  to  be 
used  Avlien  reforrincj  to  them  in  the  index. 

The  binding  strip  consists  of  a  piece  of  fabric  as  long  as  the 
euvelopo  and  al)out  2}  inches  wide,  folded  to  be  If  inches  wide, 
with  a  piece  of  stiil  pasteboard  about  J  inch  wide,  pasted  into 
the  fold.  The  two  edges  of  the  fabric  are  pasted  to  the  front 
and  back  side  of  the  envelopes,  the  pasted  portion  being  about 
'^  inch  wide.  A  row  of  stitching  runs  close  to  the  edge  of  the 
envelope,  and  also  close  to  the  pasteboard  strip,  leaving  a  por- 
tion between  the  rows  of  stitching  about  {  inch  wide,  which 
acts  as  a  hinge,  and  allows  the  envelope  to  lie  flat  while  being 
writtcni  upon. 
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The  pasteboard  strip  is  of  such  thickness  that  it  allows  the 
envelope  to  fill  out  without  "bulging"  the  volume.  It  is  sur- 
prising how  much  matter  one  of  the  envelopes  will  contain 
before  becoming  too  bulky.  As  a  general  thing,  the  clippings 
are  so  nearly  the  same  size  as  the  envelopes  that,  when  filled, 
the  envelope  is  of  even  thickness,  instead  of  being  "bulged"  out 
near  the  bottom,  due  to  the  settling  of  .the  smaller  clippings  when 
the  volume  is  placed  on  the  shelf. 

With  the  size  of  envelopes  adopted,  the  standard  magazine 
pages  can  be  trimmed  so  they  will  go  in  without  folding.  Pages 
of  the  size  of  American  ^lachiiiist  fold  once,  while  those  of 
the  size  of  Power ^  Engineering  Neics^  etc.,  fold  twice. 

The  pasteboard  strip  is  punctured  with  two  holes,  which  pass 
over  suitable  fastenings,  secured  to  the  back  of  a  binding  similar 
to  a  book  binding,  and  having  the  exact  appearance  of  a  bound 
book  when  it  is  on  a  shelf.  The  back  of  the  binding  has 
a  title,  with  "  Vol.  No."  and  the  initial  letters  of  the  first  and 
last  subjects  contained  in  the  volume,  similar  to  the  binding  of 
a  cyclopedia.  The  label  bearing  the  initial  letters  of  the  subject 
has  an  erasable  surface,  so  that,  as  the  file  grows  and  the  envel- 
opes are  rearranged  or  carried  forward  to  another  volume,  the 
initial  letters  may  be  changed  to  correspond. 

The  method  cf  securing  the  envelopes  into  the  binding  is 
such  that  they  can  be  easily  and  quickly  removed  to  insert  new 
envelopes  or  to  rearrange  as  the  binding  becomes  full. 

When  it  is  known  that  there  will  be  a  large  number  of  refer- 
ences on  a  subject,  a  leaf  ruled  on  both  sides,  with  rulings  the 
same  as  the  envelopes,  is  inserted  in  the  file,  next  to  the 
envelope  containing  clippings  on  the  same  subject.  In  this  way 
the  file  is  given  some  of  the  good  features  of  a  card  index,  and 
the  envelopes  are  preserved  for  clippings  alone. 

In  the  upper  right-hand  corner  are  written  the  first  three  let- 
ters of  the  subjects  which  the  envelope  contains,  and  in  case  it 
is  liable  to  contain  a  number  of  clippings  on  the  same  sub- 
ject, the  first  three  letters  of  the  subject  are  marked  in  the 
corner,  and  the  full  subject  written  across  the  top  of  the 
envelo])e. 

Thus,  in  Fig.  300,  the  envelope  shown  is  on  "  Steam  Engines," 
and  as  it  is  a  subject  which  is  liable  to  fill  one  or  more  envel- 
opes with  clippings,  it  bears  in  the  corner  the  guide  letters, 
"Eng.,"  and  across  the  top  the  subject,  "  Steam  Engines."     The 
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next  envelope  perhaps  would  have  the  same  guide  letters, 
"Eng.,"  but  the  subject  written  across  the  top  of  the  envelope 
would  be  ''Gas  Engines,"  or  perliaps  "Kotarv  Engines."  In 
this  way  the  file  can  be  adapted  to  a  special  line  of  business, 
and  at  the  same  time  be  a  general  reference  file. 

In  this  system  no  pasting  is  required  unless  a  clipping  con- 
sists of  two  or  more  pages,  in  which  case  the  pages  are  pasted 
enough  to  keep  them  together.  An  article  printed  on  both 
sides  of  a  leaf  is  available  with  this  method,  while  but  one  side 
could  be  used  if  pasted  in  the  ordinarj'  scrapbook. 

In  case  there  is  an  article  on  each  side  of  a  leaf,  but  on  dif- 
ferent subjects,  and  it  is  desired  to  preserve  them  both,  the 
clipping  is  filed  under  the  subject  which  is  liable  to  be  referred 
to  most  frequently,  and  the  other  subject  is  entered  on  its  proper 
envelope;  but  in  the  column  headed  "Issue"  a  reference  is 
made  to  the  back  of  the  subject  first  filed. 

If  an  article  is  particularly  good  it  is  marked  "  Good  "  on  the 
envelojie  after  the  subject.  The  approximate  number  of  words 
in  an  article  may  also  be  noted  on  the  envelope.  If  it  is  a  cut 
and  description  of  some  device,  it  is  marked  "  Cut  &  Des."  on 
the  envelope.     If  it  is  an  advertisement,  it  is  marked  "  Advt." 

By  making  these  short  notes  in  regard  to  an  article  when  it  is 
filed  or  indexed  it  enables  one,  wlien  looking  it  up  later  on,  to 
determine  which  is  the  one  most  likolv  to  furnish  him  with  the 
desired  information. 

Manufacturers  are  fast  adojiting  one  or  more  of  the  standard 
sizes  for  catalogues  and  circulars,  and  more  will  do  so  when 
they  appreciate  the  advantage  to  tli(^  purchaser  of  having  his 
catalogues  and  circulars  of  uniform  size,  or  at  least  of  not  having 
more  than  throe  or  four  different  sizes.  The  standard  sizes 
iidopted  ])y  the  principal  engineering  societies  are :  3i  inches 
bv  C  inches,  G  inches  bv  D  inches,  and  9  inches  bv  12  inches, 
and  it  will  be  noticed  tiiat  the  two  sizes  of  binding  cases  and 
envelopes  described  will  take  these  all  right. 

The  catalogues,  pamphlets,  etc.,  are  in  a  set  of  bindings  sep- 
arate from  those  used  for  the  filing  of  notes,  clippings,  etc.,  but  the 
bindings  are  of  the  same  size  and  construction  in  each  case.  The 
pamphlet  bindings  have  "Pamphlets"  and  "Vol.  No."  on  the  back. 

If,  for  instance,  the  catalogue  to  be  filed  is  of  the  size  6 
inches  by  9  inches,  a  binding  striji  similar  to  that  shown  in  Fig. 
301  is  attached,  and  it  is  ready  to  i)]ace  in  the  binding. 
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If  the  caialc^e  contains  information  that  is  deemed  worthy 
of  a  place  in  the  clipping  file,  the  desired  pages  are  taken  out 
of  the  catalogue  and  placed  in  the  envelope  of  the  reference 
file  under  its  proper  subject 

If  it  is  desired  to  refer  to  the  articles  treated  in  the  catalogue, 
the  manufacturer's  name  is  placed  in  the  column  of  "  Author- 
ity,'  and  the  catalogue  is  referred  to  in  the  column  ''Issue"  as 
"Pamphlet No.  — ,"  "Vol  Na  — ." 

If  the  catalc^ue  is  6  inches  by  9  inches,  but  bound  along  the 
6-inch  edge  instead  of  the  9-inch  edge,  or  if  it  is  enough 
smaller  than  6  by  9  inches  so  that  its  small  size  would  make  it 
inadvisable  to  bind  with  the  binding  strip,  it  is  placed  in  an 
envelope  similar  to  those  used  for  the  reference  file,  and  then 
bound  in  the  pamphlet  file.  If  the  catalogue  or  pamphlet  con- 
tains more  than  50  pages,  instead  of  placing  a  binding  strip 
along  the  back  the  pamphlet  itself  is  punched  hear  its  bound 
edge  with  holes  matching  those  in  the  binding  strip,  and  it  is 
then  placed  in  the  binding.  In  many  cases,  if  the  pamphlet  is 
a  little  larger  than  a  standard  size,  it  can  be  easily  trimmed  to 
the  standard  without  destroying  any  of  the  printed  matter. 

What  has  been  said  in  regard  to  the  improvement  in  cata- 
logues during  the  past  ten  years  will  apply  also  to  advertise- 
ments, some  of  which,  in  addition  to  one  or  more  half-tone  cuts 
showing  the  machine  or  object  advertised,  also  contain  consid- 
erable information  in  regard  to  it.  Oftentimes  the  advertise- 
ment of  a  new  article  or  process  is  the  first  information  given 
to  the  public  in  regard  to  it.  The  writer  files  away  such 
advertisements  the  same  as  clippings,  and  finds  frequent  occa- 
sion to  refer  to  them. 

The  specimen  filing  envelope  shown  in  Fig.  300  contains  cuts 
and  advertisements  of  leading  makes  of  steam  engine,  each 
showing  the  type  and  general  appearance  of  the  engine  manu- 
factured, and  at  the  same  time  gives  the  address  of  the  builders. 

For  filing  drawings  or  designs  of  special  interest,  which  it  is 
desirable  to  fold  as  little  as  possible,  a  file  containing  envelopes 
9.}  inches  by  13.^  inches  is  used,  the  rulings  being  the  same  as 
on  the  other  envelope.  This  size  also  contains  pamphlets  of  the 
standard  size,  9  inches  by  12  inches.  It  will  also  take  the 
ordinary  size  of  business  letter  sheets  and  typewriter  paper 
without  folding. 

Persons  who  have  used  notebooks  of  the  usual  kind  find 
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after  a  few  years  that  they  have  a  fine  collection  of  notes,  but 
usually  no  f^oocl  index  to  them,  so  that  a  desired  note  or 
calculation  cannot  be  found  without  looking  through  the  whole 
collection,  which  oft^n  requires  considerable  time.  In  order  to 
overcome  this  difficulty  and  at  the  same  time  get  as  much 
service  as  possible  from  the  filing  system  described,  the  writer 
adopted  the  "  Morehouse "  notebook,  which  has  detachable 
leaves  and  indexes,  so  that  the  contents  are  always  indexed,  and 
at  the  same  time,  if  desired,  any  leaf  may  be  removed,  as  in  the 
case  of  obsolete  matter,  for  instance,  and  the  later  data  on  the 
subject  substituted. 

Section-ruled  leaves  make  it  convenient  for  sketching  or 
tabulating  data.  The  detachable  leaves  make  it  possible  to  do 
all  sketching  or  tabulating  on  a  single  leaf  lying  flat  on  the 
table,  which,  when  finished,  is  placed  in  the  notebook  under 
the  proper  index.  As  the  notebook  becomes  filled,  the  matter 
which  is  the  least  liable  to  be  used  in  every-day  work  is  removed 
and  placed  in  the  envelopes  of  the  file  containing  matter  on 
similar  subjects.  In  this  way  the  notebook  is  always  up  to 
date,  and  at  the  same  time  all  previous  notes  and  data  are  filed 
away  and  indexed,  so  that  they  can  be  referred  to  as  readily  as 
a  word  in  a  dictionary.  The  writer  finds  this  method  of  keeping 
notes,  etc.,  far  ahead  of  anything  he  has  yet  seen  for  the  purpose. 

An  article  is  first  indexed  or  filed  under  its  most  suggestive 
title,  and  then,  if  necessary,  cross  references  are  made,  so  that  if 
the  general  subject  of  the  article  is  known  it  can  be  found  with 
little  trouble. 

By  using  envelopes  with  different  rulings  from  that  described, 
the  matter  may  be  indexed  in  more  minute  detail  if  desired. 

While  it  is  considerable  work  to  file  awav  accumulated  matter 
when  first  starting  the  system,  it  is  very  little  work  to  keep  it 
up  to  date. 

The  titles  of  papers  read  before  the  various  engineering  and 
siecntific  societies  are  now  published  in  many  of  the  current 
periodicals,  and  some  of  them  also  publish  an  **  Index  of  Cur- 
rent Literature,"  giving  the  titles  of  articles  on  various  topics 
appearing  in  the  different  periodicals,  so  that  a  person  by  using 
this  filing  system  can  keep  a  record  of  all  important  articles  on 
such  subjects  as  he  is  most  interested  in,  and  yet  be  a  subscriber 
to  only  a  few  of  the  periodicals. 

More  than  ten  vears'  use  of  this  system  has  demonstrated  its 
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usefulness  to  tlie  student  or  eugiueer,  and  while  it  may  not 
possess  all  of  the  desirable  features  of  such  a  system,  it  contains 
enoufjh  of  the  more  important  ones  to  make  it  of  great  value  to 
its  possessor,  and  its  value  increases  daily. 


Mr.  William  Wallace  C/in'xlir: — I  have  followed  the  classiSca- 
tion  suggested  by  Mr.  "\V,  I,.  Chase  in  Paper  S09,  Vol.  14,  in 
filing  catalogues  and  circulare.  I  use  pasteboai"d  boxes  the  size 
of  ordinary  letter  files. 

The  card  index  to  the  subjects  is  complete  witli  about  iUO 
cards,  so  that  it  is  not  at  all  bulky. 

Of  course,  it  has  been  necessary  to  extend  the  items  in  the  list 
given  by  Mr.  Chase,  which  I  have  done  in  the  subdivision 
according  to  my  own  fancy. 

For  engineering  notes  I  use  5|  x  9  inch  sheets  of  paper, 
punched  in  the  back,  numbered  as  in  Fig.   302,  24  being  the 


classification,  l^iW  being  the  t 


■nt  number  of  the  sheet  tJien 


When  the  sheets  are  placed  in  the  covers  provided  for  them, 
they  are  indexed  in  a  book  pi'ovided  for  the  iiurjmse. 

One  can  readily  see  that  if  classification  work  ia  done  care- 
fully, the  number — 34,  for  example — only  ap|>ears  once  [after 
a  name],  all  other  sheets  on  the  same  subject  l>eing  under  the 
same  number  24,  For  example,  Steam  Boilers,  vertical — 30; 
1292,  1421,  1825,  UI2f.. 
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While  til  is  method  of  keeping  notes  may  not  be  all  that  any 
one  else  mav  wish  for,  it  has  been  a  verv  siitisfactorv  way  for 
the  writer. 

Mr.  llinrnnl  W*Ui<  Smith, — This  is  a  subject  for  which  it  is 
|)retty  hard  to  give  any  fixed  lules.  For  my  part,  I  have  found 
that  the  envelope  system  does  not  work  very  well.  Tor  in- 
stance, if  you  devote  one  envelo|ie  to  a  certain  subject,  that  sub- 
ject naturally  increases  from  time  to  time — that  is,  its  literature 
does— and  before  long  the  envelope  is  full  and  all  the  titles  have 
been  used  up;  tlum,  esi^?cially  if  one  is  interested  in  any  jmrticu- 
lar  bninch  or  branches  of  the  subject  to  which  that  envelope  is 
devoted,  he  has  to  divide  up  the  contents,  and  trouble  comes 
with  taking  everything  out  of  the  envelope,  or  the  two  or  three 
env(dopes,  if  possiljly  moni  than  one  have  been  used,  doing  the 
separating  and  nnvriting  of  all  tlie  titles.  So  that  I  believe  that 
each  piec<^  of  information  should  be  kept  distinct.  There  is  no 
trouble  in  putting  these  ])i(;ces  into  a  box  or  boxes  and  keeping 
them  like  cards,  so  that  each  one  can  be  immbere<l  and  have  its 
own  subject  or  index  in  any  system;  but  the  principal  thing  is  to 
keep  (»ach  distinct,  so  that  the  bunch  can  bo  divided  into  classes 
at  any  times  without  troubling  to  rewrite  tlu^  titles. 

J^rftf.  />.  /*.  lirii'h.ikr'tihjo, — This  is,  I  believe,  a  matter  of 
opinion  and  nec(*ssity.  I  think  all  schemes  ai*e  pooi*.  I  think 
those  of  us  who  have  been  through  all  the  ])oor  on(^s  and  never 
found  a  good  one,  nuiy  ])erhaps  be  of  the  ojnnion  that  the  lil)rary 
]>eoj)le  ai'e  right,  and  that  a  decimal  classification  is,  after  all,  as 
good  as  anything.  1  believe  that  the  final  decision  will  be  some- 
thing in  the  nature  of  a  decinud  classification,  such  as  has  l)eea 
used  in  our  large  libraries.  It  has  seemed  to  me  that  possibly 
some  gocwl  would  come  of  it  if  a  committee  were  Jippointetl  to 
discuss  this  matttn*  before  there  ani  so  nuiny  plans  of  this  descrip- 
tion suggested.  It  is  about  as  useh^ss  to  attempt  to  persuade 
anv  one  that  your  scheme  is  best  as  anvthing  I  can  imagine.  It 
is  like  trving  to  demonstrate  that  vour  child  is  the  brightest  one 
in  the  world.  There  is  one  factor  in  connection  with  this  method 
of  indexing  in  which  I  have  been  somewhat  interested,  and 
which  I  will  suggest;  that  is,  the  i>ossible  chance  for  technical 
schools  to  tidvo  up  this  matter.  At  the  University  of  Illinois,  for 
the  last  two  or  three  years  we  have  been  undertaking  it  a  little, 
and  have  recently  assigned  some  senior  students  to  keep  up  card 
indexes  of  certiiin  journals;  these  card  indexes  have  been  turned 
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into  the  department,  copied  and  then  returned  to  the  students, 
while  the  department  copies  are  put  on  jBle  for  general  reference. 
The  cards  thus  prepared  have  recently  been  copied  by  the  West- 
ern Society  of  Engineers,  and  they  now  have  on  file  in  Chicago 
at  their  rooms  (1734  Monadnock  Building)  something  like  three 
or  four  thousand  of  these  cards.  It  seems  to  me  that  there 
would  be  a  chance  for  the  technical  schools  to  do  something 
along  this  line  which  might  be  helpful  to  engineers,  if  any  cooper- 
ation could  be  secured  among  them.  That  would  necessitate^ 
of  course,  uniformity  as  ^regards  the  methods  of  classificatioii 
adopted.  We  have  attempted  to  get  up  an  extension  of  the 
subjects  as  used  in  Dewey's  decimal  classificatioii  that  has  an- 
swered our  purpose  very  well,  thinking  it  best  to  stick  to  an 
established  plan  like  this,  rather  than  to  try  and  get  up  a  new 
plan  that  has  not  been  generally  adopted. 

J//\  Smith, — I  would  say  that  the  Dewey  system  just  men- 
tioned has  worked  very  well  with  me. 

Mr.  George  II.  Marr.* — The  discussion  of  this  paper  brings 
out  the  fact  that  no  system  seems  completely  adapted  to  every 
user's  needs,  but,  as  suggested  in  the  above  paper,  each  user,  or 
class  of  users,  must  modify  a  system  to  meet  his  or  their  indi- 
vidual recjuirements. 

In  regard  to  Mr.  Christie's  discussion  of  the  subject,  it  seems 
to  me  that  the  system  described  in  the  above  paper  possesses  all 
of  the  good  points  of  his  metho<l  and  some  additional  ones.  The 
sheets  of  paper  ho  uses  (of  x  0  inches)  are  almost  the  exact  size 
of  the  envelopes  used  in  the  writer's  method,  and  could  be  placed 
in  the  envelopes  th^^same  as  the  detachable  notebook  leaves 
mentioned  in  the  writer's  pai)er.  The  envelope  also  contains 
clip])ings  on  the  same  subject,  the  titles  being  entered  on  the 
rulings  on  the  outside  of  the  envelopes,  as  well  as  reference  to 
data  on  the  same  sul)ject  contained  in  books  or  other  publica- 
tions, so  that  all  the  data  and  references  on  a  subject  are  col- 
lected together,  either  inside  or  on  the  outside  of  the  envelope 
or  enveloj)es  devoted  to  the  subject,  and  the  index  letters  in  the 
upper  right-hand  corner  of  the  envelope  make  it  easily  found  in 
the  file,  and  do  away  with  the  necessity  for  writing  the  index  in 
a  separate  hook  or  card  index. 

In  Mr.  Howard  W.  Smith's  criticism  of  the  papier  he  brings 

*  Author's  closure,  imder  tlse  Rules. 
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u\f  \u<:  oi^  "'••.ion  tii;tt  niu-v  wi  '-Jiv«ri''j»'-  •*]•  «r!iv».-ioi»<^-s  Lave  l>frcoiiie 
fjij'-'l.  \i  \-.  .'.'r'.-f-t-virv  lo  r«-;inM !:::••  ti.».-  iiiatT^rf  in  iLeni  and  rewrite 
t.li«-  r.ri'-.  l»ij*.  *.ii<r  •vrii.'-r.  'iirij^'  lu^?-*-  ti.aii  t»-n  v*rai-s'  use  of  tlie 
'r.\'-U'iu.  \'/.\^  !.'-vi-r  -<*<;n  tii«-  !;«-':i-*r:^v  *if  ilisturliinfr  I  be  matter 
in  ;jIj  V  «^:  :.♦.••  i-nvi-lopj-^  ;ifV'r  .*.  i.:i*l  *yTii;*.'  ]>«-*-!i  j»lacetl  and  in- 
t\ty.*'*\. 

'lo  -iiO-v  tij«;  *'l;isii'>.y  of  tijr.  sysi^mi.  I  '.vill  state  that,  Ijeing 
irjt<:r<-,r<fd  in  juir-ros'roiii'ral  n-<-earcij.  and  \vi«.ljinjr  to  file  inv  notes 
and  d;iT;i  on  tljat  >ijl;j'M-r  :-«|iarat«'  from  all  otiier  data.  I  ])lacecl 
in  my  WW.  nnd<-r  tli*-  ind«*.\'  ]<'tt«T.s  "  Mit- "  a  num);er  of  envelopes 
U-arin;:  ar-ro-s  rlje  top  th*-  liTl<-  "  ilir-rosr-rjj^y."'  followeil  by  the 
aJpljalM'tir-jil  j^'tti'i's  A,  15.  i-\c.,  on'-  \n  eaeli  envelojie.  so  that  the 
matb-ron  tljis  sulij«-^:t  was  rjiiit<r  iliorou«rli]y  snhdividetl,  and  at 
til'-  :.;ii]j<-  tiini'  was  inHud^'d  in  the  nffrular  file  and  as  easily 
n-fVrn-d  tr>  ;is  any  otli«*r  sidij«*f:t.  The  same  could  be  done  with 
any  or  as  j.'ismy  siibj^-'-ts  as  wen*  spefially  interesting  to  the  user 
or  own<T  of  the  iih*. 

The  wi-it^T  is  familiar  with  the  Dewi'V  Df-eiinal  Classification, 
asa|i|ili<-d  hy  Professor  l{n.-ek<*nridjr<-*  at  the  I'niversity  of  Illi- 
nois, an«l.  whih*  adnjitling  tin*  <'Xcell«*ncr'  of  the  system,  can  see 
no  nrason  whv  the  sanie  id<*a  ran  not  bt-  (;arri<!d  out  in  connection 

■ 

wit.h  til'*  svsU-m  nnd<*r  disenssii>n. 

It  would  s<**'ni  that  the  lalt«*r  system  had  some  |>r>ints  of  ad- 
vant.aj.^f'  ov<*r  that  d<*serilM*r|  by  Profj*ssor  l>n*ckenrid<re.  For 
iristarirM',  talo*  tlu!  suhjijct  of  ( iov<*rnors:  undi^r  th<»  Dewey  Classi- 
lir-;i.tion  it  w«inhl  br  m*<-essiiry  to  hnik  un<ler  the  subject  of  Steam 
Kn;rin(^s,  Wab-r  Kn;rines  or  Ar<»toi*s,  Pumps,  Air  or  Oas  Engines, 
Jiii-ctrical  Machijwrv,  r'tc,  in  order  to  find  the  'governors  used 
for  tlirse  di(ri*n*nt  purposes,  wliilr  in  the  systtMu  uinler  discus- 
sion, undiM*  thif  i!uh*x  *Minv,"  and  in  the  (Miv<*lopes  nuirked 
'•  ( iov<frn<irs/'  wriidd  br  found  cvj'rythin^  ])ertaining  to  gov- 
<*rnors  f(»r  any  us<»  what<»v«M',  anil  thi^  same  will  apply  to  many 
olln'r  sidijc'ct.s. 
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PROTECTION  OF  FERRIC  STRUCTURES,^ 

BY  M.  P.  WOOD,  NEW  YORK,  N.  Y. 

(Member  of  the  Society.) 

1.  The  last  thirty  years  have  worked  a  revolution  in  the  con- 
struction, armament,  and  equipment  of  the  navies  of  the  world 
by  the  substitution  of  iron  and  steel  in  the  place  of  wood.  This 
change  is  of  equal  moment  in  the  design,  materials,  and  construc- 
tion of  the  merchant  marine,  also  of  the  thousands  of  railway 
bridges,  viaducts,  public  buildings,  and  other  structures  now  so 
essential  to  the  necessities  of  modern  life.  This  change  from 
wooden  construction  to  iron  and  steel  has  centred  around  it  the 
best  minds  and  efforts  of  modem  times,  and  may  be  taken  to 
represent  the  concrete  civilization  of  a  thousand  years.  The 
impulse  is  onward  and  upward  to  a  still  higher  plane,  and  with 
our  rapidly  decreasing  forests  and  timber  supplies,  and  the  rap- 
idly narrowing  margin  in  the  difference  of  cost  between  a  ferric 
structure  and  one  built  of  wood,  it  may  not  require  another  equal 
period  of  time  to  see  nearly  all  of  our  domestic  structures  built 
of  metal  instead  of  wood,  with  a  greater  security  from  risk  of 
fire  to  add  to  the  many  other  advantages  in  the  change. 

*  Presented  at  the  Milwaukee  meeting  (M«}',  1901)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the  Transactions. 

\  For  further  discussions  on  this  topic,  consult  Transactions  as  follows  : 
Xo.  508,  vol.  XV.,  p.  998,  "  Rustless  Coatings  for  Iron  and  Steel.'*    M.  P.  Wood. 
No.  026.  vol.  xvi.,  p.  350,  ''Rustless  Coatings  for  Iron  and  Steel.'*    M.  P.  Wood. 
No.  037,  vol.  xvi.,  p.  663,  "  Rustless  Coatings  for  Iron  and  Steel."    M.  P.  Wood. 
No.  713,  vol.  xviii.,  p.  251,  "  Rastless  Coatings  for  Iron  and  Steel."  M.  P.Wood. 
No.  00!),  vol.  XV.,  p.  1087,  "Corrosion  of  Steam  Drums."    Jas.  McBride. 
No.  595,  vol.  XV.,  p.  901,  "Corrosion  of  Cast  Sreel  Propeller  Blade."   F.  B.  King. 
No.  4;}0,  vol.  xii.,  p.  518.  "Topical  I>iscussion." 
No.  291,  vol.  ix..  p.  429.  "Corrosion  of  Condenser  Tubes." 
No.  302,  vol.  ix.,  p.  5o6,  "Corrosion  of  Fire-boxes." 
No.  108,  vol.  iv.,  p.  221,  "Corrosion  of  Column  Pipes." 
No.  180,  vol.  vi.,  p.  628,  "  Oxidation  of  Metals."    W.  H.  Weightman. 
No.  1?3,  vol.  iv.,  p.  351,  "Bower-Barff  Rustless  Iron  Process."    Q.  W.  Maynard. 
No   7  >,  vol.  iii.,  p.  248,  "  Note  on  Action  of  a  Sample  of  Mineral  Wool.'*    F.  R. 

Ilutton. 
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2.  But  our  knowledge  or  rather  our  methods  for  the  preserva- 
tion of  ferric  bodies  from  corrosion  have  not  kept  pace  with  our 
knowledge  and  methods  of  construction,  and  the  consequence  is 
that  in  thousands  of  ferric  constructions,  from  the  least  to  the 
greatest,  after  a  brief  existence,  we  find  corrosion  has  gained  a 
footing,  and  the  structure  instead  of  having  an  assured  life  of 
centuries  is  measured  by  that  of  a  few  decades.  It  may  bo 
stated  almost  without  question  that  not  30  per  cent  of  the 
ferric  structures  of  any  kind  or  character  in  the  United  States 
have  ever  received  a  protective  coating  which  is  worthy  of  its 
name  ;  per  contra,  that  the  verj'  first  steps  taken  with  a  view  to 
prevent  corrosion,  whether  at  the  shop  during  manufacture  or 
at  the  site  while  being  erected  and  covering  in,  are  radically 
wrong,  and  have  been  so  demonstrated  by  actual  experience  for 
thirty  years  in  thousands  of  instances  and  locations,  and  yet 
not  a  few  of  our  eminent  construction  and  railway  engineers  fail 
to  draw  either  lesson  or  deduction  from  the  past  failures  of 
their  predecessors'  work,  and  blindly  repeat  them.  At  the  risk 
of  repeating  a  thrice-told  tale,  I  propose  to  review  some  of 
the  notable  instances  of  failure  to  protect  our  ferric  structures 
from  corrosion,  as  well  as  to  note  some  instances  of  success, 
trusting?  that  the  review  may  cause  a  more  rational  treatment  of 
a  matter  on  which  depends  the  security  of  thousands  of  lives 
and  thousands  of  millions  of  dollars'  worth  of  property. 

Iron  Oxide  Pitjiiients. 

3.  Probably  at  this  date  iron  oxide  pigments,  either  in  their 
natural  condition,  as  ground  red  or  brown  hematite  iron  ores,  or 
the  same  as  a  base  to  which  a  score  of  other  substances  are  added 
by  the  jiaint  compounding  manufacturers,  liave  been  more  gen- 
erally used  than  any  other  pigment?*,  natural  or  compound,  for 
the  protection  from  corrosion  of  ferric  structures,  and  to  the 
extended  and  careless  use  of  them  under  their  many  trade  names 
may  be  attributed  the  corrosion  in  ferric  structures  that  greets 
the  eye,  go  where  one  may. 

4.  The  color  of  these  paints  varies  from  a  dark,  dirty,  purple 
brown  to  a  briglit  dark  red — the  Indian  red  of  commerce.  Their 
color  is  due  to  t!:e  processes  of  roasting,  grinding,  and  subse- 
quent doctoring  of  the  product  to  get  a  desired  color  tone.  A* 
few  degrees  more  or  less  of  heat,  or  a  few  seconds  more  or  less 
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exposure  to  the  same,  evolye  a  great  diversity  in  the  color  even 
if  the  composition  of  the  pigment  remains  unchanged. 

5.  Analyses  of  some  of  these  hematite  ores  are  given  which 
will  convey  in  some  measure  the  heterogeneous  character  of  the 
substances  in  the  native  ores,  from  which  to  select  one  which 
will  embrace  the  claim  to  "never  fade/'  "never  wear  out," 
"  always  protect  any  wooden  or  ferric  body  from  fire,  rot,  cor- 
rosion, or  wet,  regardless  of  situation  or  condition." 

Analyses  of  Brown  Hematitb  Iron  Ore,  Hydrated. 
Twenty-foar  different  ores  by  different  analysts. 
Ferric  oxide 90.05  to  82.74    Averages,  69.54' 


tt 


4< 


Ferrous  oxide traces 

Manganese  oxide 8.06 

Alumina  oxide 27.95  " 

Lime  oxido  O.OG  " 


10.54 
0.05 
0.05 

25.70 


Magnesia 0.17"  10.21 

Silica , 08.52  ** 

Carbonic  acid 0.16** 

Phosphoric  acid 0.06  " 

Sulphuric  acid traces  '* 

Iron  pyrites traces 


<< 


0.79 
18.45 
8.17 
0.28 
0.80 


Water  hygroscopic  and  combined 18.60  **    6.60 


ti 


<4 


<< 


t« 


(< 


«< 


«l 


tt 


tt 


tt 


tt 


Percentages  of  metallic  iron,  68.04  to  24.09.     Averages,  42.45. 


Analyses  of  Red  Hematite  Iron  Ore,  Anhydrous. 

Twenty  different  ores  by  different  analysts. 

Ferric  oxide 98. 71  to  66.55    Averages, 

Ferrous  oxide traces  ** 

Manganese  oxide 9.13  ** 

Alumina  oxide • 2.79  ** 

Lime  oxide 9.40  '* 

Magnesia  oxide 1 .89  ** 

Silica 8.90 

Carbonic  acid 5.78 

Phosphoric  acid 1 .03 

Sulphuric  acid  and  iron  pyrites 1.81 

Water  hygroscopic  and  combined 2.12 

Percentages  of  metallic  iron,  09.10  to  47.47. 

Specific  gravities,  3.80  to  5.38. 


tt 


IAS 
0.10 
0.06 
0.07 
0.06 
1.00 
0.78 
traces 


89.18 
0.16 
0.81 
0.82 
1.97 
0.42 
5.77 
1.85 

traces 


•  < 


tt 


IC 


tt 


Averages,  62.87. 


6.  With  this  wide  variation  in  the  composition  of  the  above 
iron  ores,  selected  not  only  on  account  of  the  metallic  iron  in 
them,  but  also  for  the  small  amount  of  lime,  magnesia,  carbonic, 
phosphoric,  sulphuric  acids,  and  pyrites,  what  may  not  be  in- 
ferred as  to  the  composition  of  the  other  iron  oxide  mines  whose 
product,  used  for  pigments  instead  of  smelting  purposes,  have 
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20  to  40  per  cent,  of  ferric  and  ferrous  oxide,  with  greater 
amounts  of  silica,  lime,  magnesia,  sulphuric  and  other  acids, 
pyrites,  and  water  ?  As  a  rule  the  lower  the  amount  of  metallic 
iron  in  the  ore  the  greater  is  the  amount  of  the  latter  substances, 
which  are  not  only  detrimental  for  smelting  purposes,  but  are 
also  much  less  acceptable  for  a  jirotective  covering  for  either 
wood  or  iron,  and  whose  decorative  qualities  lie  principally  in 
the  direction  that  they  do  not  look  as  bad  as  something  else. 
Now,  the  process  of  roasting  these  hematite  ores  for  pigments  is 
with  a  view  to  the  color,  and  to  expel  the  water,  sulphuric  and 
other  acids  in  them.  But  this  roasting  does  not  expel  all  the 
sulphur  and  other  acid  elements,  only  about  one-half  of  whatever 
amount  of  these  acids  may  be  in  the  ore  under  treatment,  even 
if  the  heat  be  long  continued,  which  would  ruin  the  color.  The 
balance  of  the  SO.,  and  CO..  and  other  acids  is  only  excited  by 
the  heat  to  a  greater  activity  to  restore  a  disturbed  condition  of 
their  composition ;  besides,  tlie  lime  and  magnesia  are  rendered 
caustic,  and,  when  mixed  witli  the  oil  carrying  more  or  less  un- 
combined  water  in  it,  slack  the  same  as  lime  slacks  in  a  mortar 
bed  and  set  up  a  chemical  action  in  the  freshly  applied  paint 
which,  if  it  does  not  delay  the  drying  of  the  coating,  must  have 
some  effect  upon  the  same,  which  from  experience  we  know  to  be 
detrimental.  To  neutraliz3  the  sulphur  element  natural  to  the 
ore  or  developed  in  roasting,  it  is  the  common  practice  to  add 
carbonate  of  lime  (common  chalk)  to  the  amount  of  5  to  10  per 
cent,  by  weiglit  of  the  iron  oxide,  which,  combining  with  the  sul- 
phuric acid,  changes  to  a  synthetically  formed  sulphate  of  lime 
(gypsum)  which,  however  inert  as  a  pigment  and  admirable  as 
a  stuffing,  is  not  as  desirable  in  this  form  as  the  natural  gypsum 
would  be.  This  change  from  a  carbonate  to  a  sulphate  is  wholly 
a  chemical  one  and  takes  place  only  when  in  the  jiresence  of  and 
in  contact  witli  the  oil,  and  is  exerted  at  the  critical  moment  of 
the  first  drying  of  the  coating ;  and  as  it  is  not  an  instantaneous 
combination,  the  cliemical  action  continues  even  after  the  paint 
has  set  and  necessarily  must  aflfect  the  whole  character  of  the 
coating,  particularly  the  menstruum,  the  decomposition  of  which 
may  be  said  to  have  commenced  before  it  was  fairly  dry  or  even 
put  on.  This  chemical  change  is  accompanied  by  an  increase  in 
volume  of  the  carbonate,  acting  as  a  mechanical  force  upon  the 
coating,  as  will  be  hereafter  noted. 

7.  The  value  of  iron  oxide  paint  as  a  protective  coating  for 
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any  ferric  stmcttire  has  been  forcibly  presented  in  a  paper.  No. 
752,  YoL  xxxiiL,  Transactions  American  Society  of  CivU  EngineerSy 
Jane,  1895 :  ''  Painting  of  Iron  Stmctores  Exposed  to  Weather.'^ 
This  paper  is  a  report  of  a  special  examination  of  the  condition 
of  the  protective  coatings  on  a  large  number  of  important  rail- 
way bridges,  viaducts,  etc.,  many  of  which  had  been  constructed 
and  delivered  as  finished  structures ;  the  preservative  methods 
employed  being  (as  stated),  in  most  cases,  the  selection  of  the 
bridge-construction  firm. 

8.  The  evidences  of  corrosion  on  these  structures  had  become 
so  serious  as  to  attract  attention  even  in  the  few  years  that  they 
had  been  erected,  and  to  ascertain  their  actual  condition  one  of 
the  bridge  staff  of  engineers  was  detailed.  He  reports  visiting 
twelve  locations  and  fifty-three  structures  of  greater  or  less 
importance,  thirteen  of  which  were  painted  with  an  iron  oxide 
paint  trade-marked  "  Cleveland  Iron-Clad  Paint,  Brown  Purple 
No.  3/'  which,  from  the  analysis  given  on  page  521  (his  report), 
is  a  hematite  ore  from  the  Lake  Superior  region,  unroasted  and 
not  distinguishable  from  hundreds  of  other  red  or  brown  hem- 
atite iron  ores,  except  as  being  vety  rich  in  sesquioxide  of  iron, 
viz.,  93.04  per  cent.,  equal  to  65  per  cent  metallic  iron  combined 
with  28  per  cent,  oxygen.  Every  pound  of  this  pigment  carries 
three  times  as  much  oxygen  as  a  pound  of  red  lead  pigment, 
and  a  gallon  of  red  lead  paint  would  have  to  contain  23^  pounds 
of  red  lead  pigment  to  equal  the  oxygen  element  in  7^  pounds 
of  this  iron  oxide  paint,  and  yet  the  advocates  of  the  latter 
paint  prate  loudly  of  the  awful  combustion  of  the  oil  as  a  con- 
sequence of  the  use  of  red  lead,  presumably  to  cover  the  defi- 
ciencies of  their  own  compositions  as  protective  coatings.  (See 
forward,  Smith's  paint  test.)  No  analysis  of  the  engineer's  own 
firm's  iron  oxide  paint  is  given,  nor  does  he  mention  (except  in  a 
single  instance)  the  structures  which  he  examined  as  having  re- 
ceived his  firm's  special  paint,  but  mentions  that  a  patent  paint 
was  used  on  some  of  the  structures  which  consisted  of  about 
33  per  cent,  of  iron  oxide  and  60  per  cent,  of  silica.  What  the 
remaining  7  per  cent,  was  composed  of  is  not  stated,  but  pre- 
sumably it  was  a  chalk  stuflSng. 

9.  Eleven  of  the  53  structures  mentioned  were  coated  with 
oil  at  the  shop,  and  received  two  coats  of  iron  oxide  paint  when 
erected.  Included  in  this  number  are  the  Blair  Crossing  Bridge 
(especially  under  the  examining  engineer's  own  care  during 
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erecting,  and  painted  with  liis  firm's  own  iron  oxide  paint),  the 
Bulo  and  Leavenworth  Bridges,  and  St  Louis  Elevated  Bail- 
way  structures.  The  condition  of  these  structures  as  described 
ought  to  set  at  rest  forever  the  utter  worthlessness  of  an  oil 
coating  as  the  foundation  coat  for  any  paint  on  an  iron  structure, 
even  if  the  other  seven  oil  coating  examples  did  not  bear  testi- 
luoiiy  to  the  same  eflfect — hut  they  did.  Twenty-two  bridges  re- 
ported upon  were  painted  with  iron  oxide  at  the  shop  and  received 
two  coats  of  the  same  paint  after  erection,  and  obviously  are  in 
no  measure  an  improvement  upon  the  eleven  above  noted,  and 
all  are  a  sorry  record  of  the  means  employed  in  past-day  en- 
gineering to  protect  important  ferric  structures  from  corrosion. 
Six  of  tlie  bridges  had  received  red  lead  coatings  ;  five,  red  lead 
as  first  coat  and  iron  oxide  external  coatings.  The  condition  of 
these  structures,  as  well  as  nine  others  painted  with  unknown 
or  uncertain  pigments,  were  evidently  no  worse  than  those  of 
the  iron  oxide  class,  and  all  showed  the  general  failure  of  con- 
tracting and  in-charge  engineers'  methods  to  properly  protect 
their  work  from  elemental  destruction. 

10.  The  pliysical  condition  of  these  53  structures  in  no 
measure  sustains  the  engineer  in  his  final  deductions  in  favor  of 
iron  oxide  paints  as  against  red  lead  or  otber  paints,  or  that  an 
oil  coating  was  the  best  foundation  for  the  other  coatings,  or 
that  raw  linseed  oil  is  superior  to  properly  boiled  linseed  oil  as 
a  menstruum — conclusions  that  the  members  of  the  A.  S.  C.  E., 
who  took  part  in  the  discussion  of  the  i)aper,  both  orally  and 
by  correspondence,  were  overwhelmingly  against.  The  condi- 
tion of  these  bridges  is  probably  a  fair  representation  of  a  major- 
ity of  the  railway  bridges  in  the  United  States,  the  greater 
number  of  which  have  received  the  same  or  a  similar  treatment 
against  corrosion  which  lias  proved  to  be  inadequate  for  that 
purpose  in  the  instances  reported,  and  similar  conditions  would 
be  found  to  be  the  case  in  hundreds  of  other  bridges  erected 
and  painted  prior  to  1895,  if  examined  and  reported  upon  in 
detail. 

Boiled  Oil  veravs  Pigme?it  Coatimja, 

11.  Many  eminent  engineers  have  abandoned  the  use  of  iron 
oxide  and  other  uncertain  patent  ^^aii^t  compounds,  but  still 
adliere  to  the  use  of  oil  for  the  first  coating.  The  writer  believes 
this  method  will  bear  fruit  at  no  distant  day  in  as  calamitoua  a 
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eorroBive  result  &b  haa  attended  the  use  of  iron  oxide,  i)articu- 
larlj  in  the  case  of  all  Buspeuaiou  bridge  cables,  anchorage  bars, 
lattice  trusses,  and  other  enclosed  places  where  inspection  or 
replacement  is  practically  impossible.  Certainly,  a  pigment 
coating  can  be  applied  anywhere  and  aa  easily  as  au  oil  coating, 
will  dry  as  quickly  and  as  hard,  and  at  any  stage  of  drying  will 
resist  mechanical  injury  du;i  to  handling,  transportation,  and 
erection  better  than  the  oil  coating,  and  if  storms  of  any  charac- 
ter reach  the  coating,  as  they  certainly  will,  they  will  not  so 
injuriously  affect  it,  either  iu  a  minor  or  major  degree,  as  they 
do  au  oil  coating.  Finally,  if  the  oil  coating  is  so  supremely 
good  for  the  foundation  coat,  why  not  extend  the  goodness  and 
make  fill  the  coatings  of  oil  aloue,  and  save  the  coat  of  the  pig- 
ments in  the  subsequent  coats,  and  retire  the  whole  corps  of 
paint  compounders  and  salesmen  to  the  shades  where  rest  the 
remains  of  the  lamented  iron  oxides  ?  The  protective  qualities 
of  an  oil  coating  compared  with  a  paint  is  forcibly  shown  by 
Dr.  Dudley's  experiments  for  the  Pennsylvania  Railroad,  viz.: 
Several  samples  of  a  paint  were  made  from  raw  linseed  oil 
and  a  small  quantity  o(  japan,  the  same  Tehicle  and  pigment 
being  used  for  all  the  samples  with  varying  amounts  of  pigments, 
all  the  proportions  being  by  weight  Two  coats  of  these  paints 
were  spread  upon  glass,  and  each  allowed  to  harden  for  two 
weeks.  The  samples  werj  then  placed  side  by  side  and  a  small 
portion  of  the  surface  of  each  was  covered  with  a  globule  of 
water  which  was  covered  to  prevent  evaporation,  and  then 
allowed  to  stand  for  twelve  to  fourteen  hours. 

Sample  No,  I  was  the  linseed  oil  and  japsn  alone, 

2  was  the  same  liqald  90  parts,  pigin«Dt  10  pwls. 
:!         -  ■■  80      ■'  "20     ■• 


At  the  end  of  the  period  the  condition  of  the  samples  wos  as 
follows : 

No.  1  liad  cleaved  off  frirni  the  glass  and  had  Bltrivelled  wherever  the  waler  hud 
louclipd  it.  On  allowing  the  water  to  evaporate  the  coating  dried  down  again, 
but  not  nnifomily.  It  nas  weakeued  in  texture  and  bad  apparently  lost  its 
liond  to  tiie  glass. 
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No.  J  -rlj'/w*-!*  ill*-  •■*Di':  charfccttrifctlcs. 

N'-  ';  fch'fvrwj  thf:  •*iime  but  in  «  !♦-*•«  degree. 

No    J  'li'l  not  clf-uve  from  tL*r  crlaj!*^.  bat  Oioweil  where  the  water  had  n^Wtd. 

No.  ."J  •■howwl  a  -y#^jt  in  the  <uime  wav,  hut  in  a  le~s  degree  than  No.  4. 

No-.  0  :ifi'l  7  "howed  }nix  verv  little  action  Ijevond  a  .-Ii<rht  discoloration. 

•  •  - 

What  more  evidence  need  be  presented  to  show  that  the  use 
(}f  oil  alone  for  the  foundation  coat  is  radically  wrong,  and  the 
sor>ner  abandoned  the  more  to  the  credit  of  modem  day  engineer- 
ing practice-?  No  theory  that  the  oil  alone  will  soak  into  or 
l>f;neath  the  loose,  or  partially  loose,  scales  and  rust  on  th-? 
IkmIv  coated  is  tenalile  in  the  face  of  the  fact  that  these  scales 
and  rust  must  be  removed  in  order  to  secure  a  favorable  re- 
sult with  any  coating.  There  is  absolutely  no  excuse  for  allow- 
ing th^ra  t'}  be  criated  over,  or  incorporated  into  any  coating. 
Doctor  Dudlev's  rf*sults  are  in  direct  line  with  and  corroborate 
the  tests  of  Professor  Smith,  Toltz,  and  others  hereinafter 
given. 

1*2.  iiiist  proceeds  solely  from  the  action  of  an  acidulated 
moisture  upon  a  bright  or  clean  iron  surface,  and  is  probably  only 
a  point  at  its  inaugural.  The  affinity  of  the  iron  for  the  oxygen 
in  tlio  acidulated  moisture  of  the  air  or  water  in  the  oil,  or  from 
other  sources,  is  greater  than  its  bond  with  the  hydrogen  as 
water  '  H,(),  ;  the  decomposition  ensuing  releases  the  hydr(^n, 
which  is  Ifi  times  the  volume  of  oxygen,  united  with  the  iron  to 
form  Iiydrated  Fe/i.,  or  red  rust.  The  hydrogen,  from  its  light 
sjK:cifi(f  gravity,  in  its  eflfort  to  escape  into  the  air  pushes  up  the 
overlying  i)aint  coating,  increfises  the  area  of  the  affected  part, 
cracks  the  coating  in  its  exit,  moisture  enters  again,  and  corro- 
sion is  master  of  that  location.  The  rust  which  has  thus  been 
formed  is  hygrosco2)ic  and  carries  24  per  cent,  of  moisture  as  it 
forms.  Tliis  moisture  nrrf^r  dritH  init  under  any  atmospheric  heat 
conditions,  but  is  ever  ready  for  a  chemical  decomposition,  the 
hydratr^l  red  rust  fornKjd,  being  over  two  times  the  volume  of 
the  iron  from  which  it  is^  formed,  adds  its  efforts  to  the  free 
hydrogen  to  push  up  the  coating  and  form  a  blister  and  crack  in 
the  coating.  How  energ(;tic  this  mechanical  action  due  to  corro- 
sion is,  may  bo  observed  by  noting  the  ordinary  cast-iron  hand 
railings  for  fences  and  outside  steps  of  New  York  City  and  other 
city  houses,  which  in  hundreds  of  instances  are  split  for  more 
or  less  of  their  length.  Cast-iron  water  or  gas  pipes,  with  bell 
and  spigot  joints,  are  frequently  made  with  rust  joints.     They 
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almost  inyariably  bnrst  the  bells  by  the  swelling  of  the  iron 
cement  nsed  to  make  the  joint. 

13.  Late  advices  as  to  the  condition  of  the  great  cantilever 
bridge  over  the  Firth  of  Forth,^  Scotland  (finished  less  than  10 
years  ago),  show  that  corrosion  is  well  and  widely  established 
over.the  entire  structure,  notwithstanding  a  corps  of  painters 
are  continuously  employed  upon  it,  and  the  structure  is  practi- 
cally repainted  every  three  years  and  in  many  places  yearly. 
Upon  the  lower  parts,  where  the  iron  work  rests  upon  the 
masonry,  and  upward  where  the  spume  and  salt  spray  from  the 
sea  reaches  the  work,  corrosion  has  attacked  the  rivet  heads 
and  laps  of  the  angles,  channel  bars  and  plates,  and  cannot  be 
controlled  by  the  scraper  and  paint  brush.  This  structure 
received  two  coats  of  boiled  oil  at  the  shop  before  erection,  and 
then  two  coats  of  iron  oxide  paint,  each  of  which  required  90 
tons  of  paint.  It  is  the  opinion  of  the  writer  that  before  the 
bridge  has  had  thirty  years  of  existence  it  will  have  to  receive 
the  drastic  action  of  the  sand  blast  for  all  parts  which  can  be 
reached  by  that  process,  and  that  even  that  will  not  wholly 
remedy  the  evil ;  that  the  lower  sections  for  20  or  more  feet  in 
height  from  the  masonry  piers  will  be  so  corroded  they  will  have 
to  be  cut  out  and  renewed,  if  they  can  be ;  that  thousands  of 
the  rivets,  many  of  them  1|  inches  to  IJ  inches  diameter  by  9 
inches  in  metal,  will  be  so  corroded  under  their  heads  as  to  have 
lost  their  set.  In  fact,  the  stability  of  the  bridge  in  the  future 
will  rest  quite  as  much  upon  its  mass  as  upon  the  mutual 
strength  of  its  connecting  members.  Some  one  was  knighted  for 
the  ability  shown  in  the  construction  of  this  bridge ;  it  may  be 
that  somebody  else  will  get  two  buttons  on  his  bonnet  for  being 
able  to  take  care  of  it. 

New  York  Elevated  Railivay  Viaduct. 

14.  The  viaduct  over  the  Harlem  Station  of  the  New  York 
Elevated  Railway  at  155th  Street  was  oil-coated,  and  received 
oxide  of  iron  paint  coatings  at  the  time  of  its  erection,  and 
within  five  years  of  its  completion  had  developed  corrosion  to 
such  an  extent  that  in  1897  the  sand  blast  was  used  to  clean  it 
preparatory  for  another  eflFort  for  its  preservation.  This  sand 
blast  process  cost  about  $10,000,  or  over  fifteen  cents  per  square 

*  Tranf^.  A.  S.  M.  E.,  December,  1894,  vol.  xvi.,  paper  No,  626,  pp.  407-408. 
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foot  to  apply,  or  about  seven  times  more  than  a  properly 
selected  method  of  procedure  and  paint  would  have  cost  in 
the  first  2>lace,  and  then  only  the  lower  and  accessible  sides 
or  parts  in  sight  received  treatment,  while  the  top  side,  out  of 
sight  and,  from  its  inaccessiblity  for  inspection,  more  important 
to  protect,  got  no  sand  blast  and  corrosion  was  left  free  to  run 
riot.  About  50,000  square  feet  of  surface  was  cleaned  by  the 
sand  blast  to  the  bright  iron,  removing  about  12  tons  of  old 
paint,  scales  of  rust,  and  cinders,  showing  a  number  of  distinct 
layers  of  highly  corroded  mattor.  Full  i)articulars  of  the  air 
blast  mechanism,  illustriited,  are  given  in  the  Engineemig  News^ 
September  23,  1897 ;  also,  Entfinecrhnf  Record,  September  25, 
1897. 

15.  Sf^venteen  panels  of  lattice  truss,  floor  beam  and  buckle 
plates,  supporting  the  paved  carriage  roailway  and  footpaths 
overhead,  about  2,S2o  square  feet  of  surface  each,  and  num- 
bered consecutively  1  to  17,  were  then  painted  with  the  same 
number  of  selected  protective  coatings  furnished  by  a  like  num- 
ber of  paint  firms  in  competition  with  each  other.  The  several 
coatings  were  applied  in  strict  conformity  to  the  directions  re- 
ceived with  each  brand  of  paint,  the  application  being  to  the 
bright  iron  as  left  by  the  action  of  the  sand  blast,  and  within  3 
to  4  hours  from  the  time  the  sand  blast  ceased  action,  the  paint 
being  spread  by  the  painters  employed  by  the  Board  of  Public 
"Works  of  New  York  City.  Every  possible  condition  was  brought 
into  bearing  to  make  the  test  one  of  a  ])ractical  and  commercial 
nature  as  well  as  of  scientific  value,  absolutely  without  prejudice 
or  favor  in  any  respect.  From  the  ])rominence  of  the  structure 
in  an  engineering  view  and  its  situation,  exposed  to  storms,  sea 
air,  fog,  cinders,  steam,  and  gases  from  scores  of  locomotives  in 
constant  service  beneatli  it,  nearly  all  of  the  metal  being  within 
a  few  fe(»t  of  the  tops  of  engine  stacks  and  receiving  the  products 
of  combustion  under  blast  action  and  in  an  approximately  closed 
space,  the  futurcj  r(»sult  was  anxiously  h)oked  for  as  an  impor- 
tant demonsti'ation  of  the  ]u*actical  value  of  the  several  best 
protective*  coatings  in  the  market. 

After  an  exposure  of  about  nine  months,  and  while  a  few  of 
the  coatings,  viewed  from  tlie  station  platform,  showed  evi- 
dences of  failure,  a  thorough  examination  of  the  condition  of 
each  ])anel  was  made  by  a  ])rominent  engineer  of  New  York  City 
(see  tJtiijineering  Newsy  May  24,  1898).      This  report  is  of  ex- 
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treme  interest  and  yalae  to  engineers,  and  is  summarized,  yiz., 
100  rating  as  a  perfect  condition  of  the  coating. 


Kind  or  Name  of  Paint. 


1 
2 
8 

4 
5 
G 

7 
8 
9 
10 
11 
12 
13 

14 
15 
16 

17 


3 
2 
2 
2 
3 
2 
2 
2 
2 
4 
2 
2 
2 

2 
2 
2 


Lead,  ffrapbite  and  lucol  oil 

Amorphous  graphite,  Detroit  Co. — L.S.G. 

Red  Jead,  antoxide,  F.  and  D 

Graphite  (kind  not  stated) 

Nobrac  (trade-mark) 

Carbon  Black  (F.  W.  Devoe  &  Co.) 

Durable  Metal  Coating (E.  Smith's  varnish) 

Black  Manganese  (iron  paint) 

Carbonizing  Coating  (trade-mark) 

Mineral  Rubber  (no  particulars) 

Black  (composition  not  given) 

Carbon  (no  particulars) 

Graphite  (Standard  Oil  Co.).  Kind  not 
stated 

Graphite  (Dixon  Co.).     Kind  not  stated, . 

Aspbaltum  (California  Co.  brand) 

Ruberine  (trade-mark).  Composition  un- 
known   

Black  Diamond  (trade-mark) 


Rate  of 

Drying. 

hi 

Medium  i 

97 

Slow 

80 

Fast 

25 

Slow 

75 

Medium 

99 

Slow 

85 

Slow 

75 

Fast 

30 

Slow 

80 

Fast 

78 

Medium 

58 

Medium 

92 

Medium 

67 

Slow 

70 

Very  slow 

65 

Medium 

58 

Medium 

70 

is^ 

a 
h 

6 

d 
e 
d 
d 

f 
a 


i 


a 
d 

J 
k 


a  Very  little   rust.      Paint  crumbles  in  places  as  though  rotten. 
moved. 

b   Fair  condition,  but  discolored  ;  rust  coming  through. 

c  Very  badly  rusted. 

d  Busty,  but  not  deep. 

6  Slight  rust  on  top  fiauge  of  one  girder  ;  rest  of  girder  clean. 

/  Rust  very  deep  ;  buckle  plates  bad. 

//  Area  of  rust  spots  small ;  rust  not  very  deep. 

h  lUist  very  bad  and  deep. 

j   Deeply  rusted  ;  buckle  plates  still  good. 

A-  Rust  very  deep  and  angry  ;  buckle  plates  mildewed. 

I   Small  pimples  of  rust,  as  though  formed  under  the  paint. 


Easily  re- 


16.  Panel  No.  1  was  au  outside  one,  and  the  first  to  be 
sand-blasted  and  painted  with  three  coats  of  paint  in  the  clear 
hot  days  of  summer,  a  material  advantage  in  its  favor.  The 
sand  blast  was  then  shifted  to  the  southern  end  of  the  viaduct ; 
and  panel  No.  17,  also  an  outside  one,  was  the  next  one  cleaned 
and  painted  in  hot  clear  weather,  and  so  on  consecutively,  in 
the  reverse  order  of  the  panel  numbers,  back  to  No.  1,  panels 
Nos.  7  to  2  having  been  done  late  in  the  fall  under  unfavorable 
conditions  as  to  the  spreading  and  drying  of  the  paint  in  addi- 


768  PUOTEGTIOX   OF   FEHUIC   STRUCTURES. 

tion  to  the  other  objectionable  conditions.  About  80  square 
feet  of  panel  surface  was  cleaned  per  hour,  or  600  square  feet 
per  working  day ;  each  panel  requiring  from  five  to  six  days  to 
clean  and  paint  it. 

17.  It  will  be  noticed  that  panels  No.  1  and  No.  5,  rating  in 
the  best  condition,  each  received  three  coats  of  paint,  while  all 
of  the  others  (except  panel  No.  lO)  received  only  two  coats ;  the 
high  ratings  of  these  panels  may  in  a  measure  be  attributed  to 
this  extra  coat.  But  panel  No.  J,  also  Nos.  0,  12,  and  13,  while 
rating  high  as  to  the  non-appearance  of  rust,  yet  the  actual  con- 
dition of  the  coatings  in  being  rotten,  easily  removed,  crumbling 
under  touch  of  the  fingers,  indicated  a  poorer  condition  to  resist 
corrosion  on  a  longer  exposure  than  panels  Nos.  2,  4,  5,  6,  7,  and 
14,  which  may  be  considered  as  being  in  an  approximately  fair 
condition,  and  far  better  coatings  than  those  rating  higher,  but 
in  a  rotten  condition. 

18.  Panels  No.  1  (97  per  cent.)  and  No.  3  (25  per  cent),  in 
which  red  lead  formed  one  of  the  pigments  in  the  paints,  were 
no  doubt  destroyed  by  the  action  of  hydric  sulphide  in  the  com- 
bustion gases  from  the  locomotives,  changing  the  lead  oxide  to 
a  sulphide,  with  an  increase  of  volume  of  about  33  per  cent. 
This  action  will  be  given  in  more  detail  hereafter.  The  diflfer- 
ence  in  the  ratings  was  due  to  the  greater  amount  of  lead  in 
No.  3  than  in  No.  1 ,  and  the  higher  rating  of  No.  1  being  in  no 
measure  due  to  the  menstruum,  but  solelv  to  the  smaller  amount 
of  lead.  It  is  quite  probable  that  the  coatings  on  panels  Nos. 
9,  12,  and  13,  whatever  the  pigments  might  have  been,  were 
mixed  with  oil-carrj'ing  lead  driers  in  excess,  which  would  be 
attacked  by  the  hydric  sulphide  the  same  as  if  the  lead  oxide 
was  in  the  pigment.  This  change  in  an  oxide  or  carbonate  of 
lead  is  effected  by  an  inexorable  chemical  law  whenever  they 
are  exposed  to  hydric  sulphide,  and  should  have  been  foreseen 
by  the  chemists  of  the  j^aint  firms  interested. 

19.  Panel  No.  10,  with  four  coats  of  a  quick-drying  paint,  was 
evidently  an  asphaltum  paint,  Avith  either  benzine  or  bisulphide 
of  carbon  as  an  extra  drier.  Had  only  two  coats  of  this  paint 
been  ai)i)lied,  its  condition  would  have  rated  as  low  as  panel 
No.  8,  and,  taken  in  connection  with  the  other  paints  that  had 
asphaltum  as  the  base  pigment,  showed  the  same  unreliable 
results  which  have  attended  the  use  of  asphaltum  compounds 
wherever  they  have  been  exposed  to  anything  beyond  the  most 
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ordinary  conditions  of  service  npon  minor  stractures.     See 
Toltz's  and  Smith's  tests  farther  on. 

20.  Panels  Nos.  11, 16, 16,  and  17,  whatever  their  ratings  from 
their  outside  surfaces,  showed  a  worse  condition  of  the  metal 
beneath  the  coatings  than  any  of  the  others.  A  greater  or  less 
amount  of  asphaltum  in  their  pigments,  compounded  with  other 
equally  unreliable  substances  to  form  the  basis  of  a  patent  or 
trade-mark,  is  probably  the  cause  of  their  low  merit  as  given  in 
this  case.  There  is  but  little  doubt  that  the  majority  of  the 
persons  interested  in  the  several  paints  applied  to  this  struc- 
ture gladly  welcomed  the  closing  act  in  this  test,  when,  shortly 
after  the  issue  of  the  engineer's  report,  the  Board  of  Public 
Works  gave  the  order  to  repaint  the  whole  structure;  which 
was  done  with  (to  the  writer)  some  unknown  paint,  applied 
over  the  several  test  coatings  in  place  without  removing,  except 
in  the  most  perfunctory  manner,  the  old  coatings  with  their  fast 
forming  burdens  of  rust,  and  the  competitive  test  came  to  an 
end.  The  result  could  have  been  foreseen  from  the  first,  before 
a  single  truss  or  pound  of  material  had  been  placed  in  position 
or  was  even  out  of  the  construction  shops,  had  not  commercial 
greed,  official  indifference  or  ignorance,  either  one  or  all,  ruled 
the  matter. 

21.  The  destruction  of  the  tubular  railway  bridge  over  the  St. 
Lawrence  B.iver  at  Montreal,  Canada,  had  not  become  a  fact  so 
musty  with  age  as  to  have  escaped  attention  concerning  the  dan- 
gerous effect  of  hot  combustion  gases  upon  any  paint  coating  in  a 
confined  space.  Corrosion  history  blindly  repeated  itself  when 
the  viaduct  material  was  first  painted  by  the  contractors,  then 
repeated  the  *'  Comedy  of  Errors  '*  when  it  was  erected,  and 
again  when  it  was  sand-blasted  for  its  final  fiasco.  The  plain 
facts  of  the  painting  after  the  sand  blast  action  are,  that  the 
coatings  were  destined  for  an  early  destruction  from  the  first, 
by  reason  that  the  first  coat  was  applied  in  an  atmosphere 
saturated  witli  the  hot  vapors  of  combustion  and  steam,  which 
were  so  corrosive  that  the  freshly  cleaned  surface  of  the  metal 
showed  a  blush  of  rust  within  an  hour  after  cleaning,  and  if  left 
for  three  hours  the  rust  could  be  wiped  off  by  the  hand.  The 
paints  were  spread  in  this  atmosphere,  and  before  they  could 
in  any  measure  dry,  so  as  to  be  in  any  degree  resisting,  they 
were  thoroughly  impregnated  by  the  hot  gases  and  steam,  which 
left  their  condensed  strength  upon  the  surfaces  of  the  green 


770  I'KOTKCTIOX    OK    KKHKIO   STKriTlUKS. 

paints.  Tho  sofoiul  and  subsequent  coats  were  not  only  applied 
under  the  same  atniosplioric  conditions  as  to  the  liot  vapors 
and  cinders,  but  had  tlic  condensed  products  of  combustion 
sandwiched  between  thcMu.  Probably  a  baked  japan  or  Bower- 
Barff  coatin*^  are  th(^  only  ones  which  would  have  succ-essfully 
met  the  situation,  which  is  an  exceptional  one.  Such  coatings 
would  not  have  cost  one-half  as  much  as  the  sand  blast  and  the 
several  coatings  applied  in  the  first  and  subsequent  stages,  and 
would  have  been  thoroughly  protective  and  avoided  nearly  all 
the  future  expense  in  the  care  of  the  structure  so  far  as  the 
painted  surfaces  are  concerned.  It  is  to  bo  hoped  tliat  the  many 
engineering  structures  now  in  progress  in  and  around  New 
York  City  will  receive  a  more  effectual  treatment  for  their  pro- 
tection from  corrosion  than  has  thur.  far  been  accorded  to  any 
such  structure  in  tho  past. 

22.  Inspection  of  Avork  in  progress  shows  quite  as  great  a 
disregard  of  all  tho  essentials  to  secure  even  a  temporary  pro- 
tection from  corrosion  as  any  of  the  earlier  methods  for  this 
purpose,  th(»  disastrous  results  of  which  are  forcibly  recorded 
in  Bruners  tubular  bridge  across  the  St.  Lawrence  lUver  at 
^Montreal,  the  trusses  of  the  Brooklyn  Suspension  Bridge,  the 
Xew  York  City  Elevated  Bail  way,  and  many  other  important 
structures,  hardly  one  of  which  presents  a  good  example  of 
protection  from  corrf)sion  under  even  ordinary  atmospheric 
exposure.  Scores  of  tons  (if  material,  piled  at  many  points 
along  the  line  of  the*  Kapid  Transit  Tunnel,  show  mill-scale 
plentifully  present  on  the  principal  inend>ers  of  tho  columns, 
girders,  and  other  i)arts,  all  ]>ainted  over,  ^lany  parts,  indiffer- 
ently closed  by  the  rivets,  show  them  to  be  unpainted  on  their 
inner  surfaces,  and  are  of  such  ccmstruction  that  it  is  now 
impossible  to  coat  their  inner  surfaces  even  by  tho  action  of  a 
force  pump.  Hundreds  of  minor  parts  are  painted  in  so  careless 
a  nianntu-  that  the  ])rotectivo  coating  is  but  little  better  than  a 
wash  of  brick  dust,  the  curdled  appc^arance  of  some  of  the 
coatings  clearly  indicating  that  the  red  lead  paint  had  set  l>efore 
its  application,  and  that  the  pigim^it  is  of  an  inferior  quality. 
The  greater  part  of  this  sterd  work  is  to  be  jdaced  where  it  will 
bo  always  damp  or  so  walled  in  as  to  be  inaccessible  for  inspec- 
tion, or  else  exposed  to  an  atmosphere  always  charged  with 
tunnel  vapors,  with  Avhat  effect  upon  its  resistance  from  future 
corrosion  the  experieTice  of  the  past  can  give  but  one  answer. 
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Sorely  if  the  Boards  of  Admiralty  of  all  the  nations  in  the  world 
deem  the  removal  of  mill-scalo  from  the  frames  and  plating  of 
a  hnndred-ton  steam  tug  of  importance  enough  to  resort  to  the 
pickling  process  for  its  removal  before  painting,  those  who  are 
responsible  for  not  only  the  construction,  but  the  future  con- 
dition and  life,  of  a  $30,000,000  tunnel  could  afford  to  adopt 
some  better  method  of  guarding  tho  work  against  the  disas- 
trous results  from  future  corrosion  than  that  as  now  evidenced. 
The  hydric  sulphide  in  the  combustion  gases  from  the  loco*- 
motives  in  use  in  any  part  of  tho  completed  tunnel,  pending  tho 
inauguration  of  the  electric  motor  power,  will  reach  and  destroy 
the  red  lead  pigment  regardless  of  what  coating  it  is  in,  or  in 
whatever  amount  it  forms  a  part. 

23.  It  costs  as  much  to  spread  a  poor  paint  over  a  structure 
as  a  good  one,  and  the  labor  is  generally  from  two  to  four  times 
the  cost  of  the  paint.  There  is  not  difference  enough  in  the 
covering  power  of  different  paints  to  allow  it  to  be  any  factor  in 
deciding  between  them.  All  paints  will  spread  over  about  the 
same  number  of  square  feet  of  surface  if  they  are  of  the  same 
body  or  weight  per  gallon,  and  the  samo  care  is  used  in  brush- 
ing them  out,  but  the  Iiiding power ^  or  power  to  cover  up  a  poor 
job  on  the  part  of  the  painter,  or  to  mask  the  effects  of  corrosion 
already  in  place,  lies  almost  exclusively  in  tho  iron  oxide  paints. 
Given  a  ferric  structure  to  be  protected  from  corrosion,  the 
several  parts  after  the  machining  processes  and  assembling  in 
their  relative  positions  in  the  workshop,  and  before  a.  single 
rivet  is  driven  or  a  bolt  placed  permanently  in  position,  all  scale, 
loose  or  tight,  tliat  the  scraper,  hammer,  chisel,  or  steel  brush 
can  remove  should  he  removed^  not  scratched  at — better  yet,  sand- 
blasted. The  latter  need  not  cost  over  ^  cent  a  square  foot 
of  large  and  small  surfaces,  and  this  process  would  remove  the 
dirt  and  grease  due  to  the  machining  processes.  It  is  the 
painter's  custom  to  brush  the  grease  with  benzine  and  spread 
it  over  a  larger  surface,  and  as  the  mixture  is  not  wiped  off  dry 
Avith  waste  at  once  it  dries  down  again,  and  the  evil  is  only  in- 
creased, tlie  eftects  of  the  benzine  on  the  surface  aiding  the  evil. 
Turpentine  is  a  better  solvent  agent  than  benzine,  but  that  must 
also  be  trlped  of,  not  allowed  to  dry  down  mixed  with  the 
grease.  Xo  paint  applied  over  a  grease  coating  will  ever  bond 
to  the  iron.  The  writer  has  removed  skins  of  good  elastic  paint 
coatings  as  large  as  the  hand  from  important  members  of  a  truss 


772  PROTECTION   OF   FERRIC  STRrCTl'RES. 

wliicli  bad  been  coated  over  machine  gi'ease  for  a  number  of 
years.  Such  places  are  a  fruitful  cause  of  corrosion,  particularly 
pitting,  as  they  are  likely  to  be  found  in  inaccessible  places  like 
the  inside  surfaces  between  tension  tie  bars,  etc. 

24.  Tlie  first  paint  coating  applied  at  the  shop  should  be  done 
in  a  dry,  clear,  warm  atmosphere,  either  under  cover  or  in  the 
sun.  Never  paint  iron  in  a  fog  or  with  frost  in  the  pieces,  even 
if  to  the  eye  they  look  dry.  Glue  ai)plied  to  the  warm  surfaces 
of  wood  is  10  per  cent,  stronger  than  when  applied  to  cold  sur- 
faces, and  so  will  any  paint  cover  and  bond  to  the  iron  bett-er  if 
the  surface  is  warm.  The  permanency  of  white  lead  mill  marks 
on  iron  plates  is  due  to  this  cause  alone.  It  is  a  matter  of  no 
imjiortance  what  the  color  of  the  first  coating  is,  so  that  it  is 
the  ht'st  in  quality  of  all  those  that  are  subsequently  applied. 
A  pure  lam])l)lack  (not  ground  soot  or  bituminous  coal)  with 
boiled  linseed  oil  can  be  ground  and  mixed  for  a  light  or  heavy 
priming  coat  with  the  most  satisfactory  results  in  the  protective 
qualities.  This  is  true  also  of  red  lead  and  lampblack,  a  choco- 
late colored  mixture,  the  two  jugnients  uniting  and  working 
together  when  ground  in  the  boiled  oil  as  hardly  any  other  two 
I)igments  are  capable  of  doing,  and  there  is  hardly  any  other 
paint  in  which  it  is  easier  to  detect  adulteration.  A  small  per- 
centage of  zinc  oxide  ])igment  works  well  with  this  red  lead  and 
lampblack  mixture,  and  does  not  detract  from  its  protective 
qualities  for  either  wood  or  iron  surfaces.  It  is  probably  as 
good  a  compound  paint  as  can  be  mixed  from  a  number  of  pig- 
ments not  united  as  one  bodv  in  its  natural  condition,  but  the 
influences  to  which  any  paint  Avill  be  subjected  must  receive  as 
much  consideration  as  its  composition.  All  paints  containing  red 
lead  are  extremely  sensitive  to  the  action  of  hydric  sulphide, 
or  the  combustion  gases  from  coal,  as  detailed  hereinafter. 

Grnplnt*'  Ptnnts, 

25.  The  natural  amorplious  graphite  pigments,  particularly  the 
Lake  Superior  brands,  are  distinctive  in  color,  grind  fine  and 
granular,  are  amorphous  in  character,  ami  indestructil)le  as  any 
pigment  can  bo.  Tliey  are  wholly  self-supporting  as  pigments, 
carry  no  elemental  substances  Avhich  tend  to  reduce  them  to  a 
lower  plane  by  oxidation  or  to  slack  in  the  ])resence  of  moisture. 
They  require  no  body  stuffing  either  to  bond  them  or  to  keep  them 
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quiet  or  from  curdling  or  crawling  during  or  after  application. 
Thej  are  entirely  different  in  character  and  composition  from  the 
many  so-called  silica  graphite  paints  of  commerce,  compounded 
of  flake  graphite  of  more  or  less  purity  and  of  uncertain  character 
with  barytes,  silica,  furnace  slag,  and  other  substances.  The 
several  substances,  eyen  if  the  elements  are  non-corrosiye  or 
non*oxidizable,  or  if  they  are  electrically  or  chemically  passive  of 
themselves  or  collectively,  when  assembled  as  a  pigment  are 
not  as  reliable  or  effective  in  a  pigment  as  the  same  substances 
incorporated  together  by  the  processes  of  nature,  each  and  every 
particle  of  which  is  of  the  same  physical  and  chemical  nature 
and  equally  affected  by  the  menstruum,  atmosphere,  or  other 
conditions  that  affect  a  paint. 

26.  The  silica  and  graphite  compounds  have  not  the  merit  of 
being  synthetical  compounds,  but  are  purely  an  agglomeration  of 
substances  as  heterogeneous  in  character,  with  as  many  different 
specific  gravities,  as  the  contents  of  a  spoil  bank  or  gravel  pit 
can  furnish.  Many  of  these  silica  graphite  paints  are  composed 
wholly  or  in  part  of  carbonaceous  schists,  and  as  pigments  are 
not  essentially  different  from  soapstone  and  quite  as  repellent  to 
the  oil  menstruum. 

27.  No  human  care  in  the  mechanical  processes  due  to  the 
grinding,  bolting,  and  mixing  of  the  several  substances  in  a  com- 
pound pigment  can  arrange  them  in  sequence  in  either  the  pig- 
ment or  paint.  The  flake  graphite  is  hard  to  grind  other  than 
in  a  flake  form :  the  silica,  barytes,  and  furnace  slag  are  crystal- 
line or  vitreous  in  character,  and  grind  and  bolt  as  splinters  or 
needles  rather  than  in  a  granular  or  cubical  form  (the  ideal 
form  for  a  pigment  atom),  and  have  a  tendency  to  mix  with  the 
oil  in  individual  or  by  chance  groups,  instead  of  in  a  symmetrical 
whole  as  one  natural  granular  compound  substance  would  do. 
The  flake  graphite  atom  is  a  lubricant  and  is  almost  as  repellent 
to  the  oil  as  it  is  to  water,  and  does  not  carry  well  in  the  oil.  The 
higher  the  percentage  of  carbon  in  the  graphite  the  more  these 
difficulties  are  developed.  It  is  difficult  to  get  hot  glue  to  bond 
to  a  90  per  cent,  graphite.  It  is  one  of  the  lightest  pigments, 
specific  gravity  2.77  to  1.21;  while  zinc  white  is  5.42;  white 
lead,  C)A3  ;  red  lead,  9.07  ;  oxide  of  iron,  5.3  to  3.8 ;  barytes,  47 
to  4.3 ;  silica,  2.8  to  1.9 ;  chalk,  2.8  to  2.2 ;  gypsum,  2.6  to  2.28  ; 
asphaltum,  1.8  to  1.4.  The  experience  of  master  painters  and 
paint  chemists  points  to  the  fact  that  pigments  of  the  great- 
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est  density  have  generally  proven  to  be  the  most  durable. 
Flake  graphite  is  hard  to  brush  out  alone  in  a  paint,  and  the 
splintery  character  of  the  other  substances  assembled  with  it 
only  increases  this  difficulty,  as  painters  notice  and  complain 
about  in  the  extra  wear  of  their  brushes,  and  the  small  area 
covered  in  a  day's  work.  Flake  graphite  is  easily  adulterated 
with  soapstone,  specific  gravity  2.7.  Neither  the  eye  nor  touch 
can  detect  the  adulteration  in  a  pound  of  flake  graphite  ground 
with  three  pounds  of  soapstone— analysis  only  will  show  it.  As 
well  expect  a  paint  compounded  of  powdered  glass  and  soapstone 
to  be  durable  as  some  of  these  so-called  silica  compound  paints. 
i^8.  The  natural  drying  of  linseed  oil  in  a  paint  or  varnish  is 
in  the  form  of  a  closelv  woven  Aveb  of  a  fine  fabric.  This  shows 
plainly  on  the  surface  of  a  freshly  dried  or  drying  surface,  and 
explains  the  reason  why  two  or  more  coats  are  necessary  to  give 
a  smooth  foundation  for  the  last  or  finishing  coat.  Each  subse- 
quent coat  fills  the  interstices  of  that  underneath  it,  the  several 
coats  mutually  repairing  the  other's  deficiencies,  as  successive 
folds  of  a  fine  muslin  will,  in  the  aggregate,  make  an  adequate 
covering  from  heat  or  light.  Now,  it  is  the  function  of  a  pigment  to 
fill  these  cellular  formations  in  tlie  drying  menstruum,  or  rather, 
while  being  applied  together  with  a  brush,  for  the  atoms  of  a  pig- 
ment mechanically  arranged  by  the  brush  to  lie  side  by  side,  all 
embedded  in  the  oil,  which  in  drying  naturally  takes  the  lines  of 
least  resistance,  /./'.,  between  the  atoms  of  the  pigment,  so  that,  as 
it  were,  each  atom  lies  in  an  approximately  square  hole,  which  is 
the  most  favorable  condition  for  the  bond  between  the  pigment 
and  its  vehicle.  But  if  the  atom  of  the  pigment  be  splintered  like 
a  sliver  of  glass,  or  of  only  length  and  breadth  like  a  flake,  then 
thenatural  cellular  formations  of  the  drvinj;  menstruum  cannot  be 
realized,  and  such  pigments  arrange  themselves  with  the  sharpest 
angles  and  edges  upright  to  the  dr^'ing  surface,  and  are  not  well 
covered  in  or  embedded  in  the  oil.  Hence  thoy  dry  witli  a  rough 
surface  which  holds  moisture  and  dust  which  decomposes  and 
quickly  disintegrates  them  from  their  bed,  and  more  moisture, 
cinders,  and  dust  take  their  place  to  repeat  their  cycle  of  action 
on  the  atoms  in  th(^  coatings  beneath.  A  round  marble  does 
not  bed  itself  as  strongly  in  a  cement  as  the  cubical  block  from 
which  it  is  made,  neither  does  a  l)each-worn  sand  or  a  quicksand 
atom,  with  the  best  of  cement  paste,  make  a  good  mortar,  for  the 
same  reasons. 
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29.  An  interesting  contribntion  to  the  literature  of  protective 
coverings  for  iron  is  to  be  found  in  a  pamphlet  published  by  the 
Railvxiy  Car  Journal^  New  York,  1896,  being  a  translation  from 
the  German  of  a  Prize  Essay  by  Prof.  J.  Spennrath,  under  the 
auspices  of  the  Society  for  the  Advancement  of  the  Industrial 
Arts,  Berlin,  Prussia.  Some  of  the  conditions  and  causes  which 
lead  to  the  destruction  of  paint  coatings  were  reproduced  by  Prof. 
Spennrath  in  his  laboratory  experiments,  but  these  only  simulated 
the  conditions  of  a  paint  exposed  to  actual  service  on  a  structure. 
Nineteen  of  the  twenty  experiments  were  with  a  chemiodlh/ pre^ 
pared  pure  flake  graphite  as  a  pigment,  mixed  with  boiled  linseed 
oil,  presumably  also  chemically  pure,  though  the  professor  is 
silent  upon  that  point.  The  experiments  were  made  on  the  paint 
skins  as  removed  from  the  metallic  plates  on  which  they  were 
dried,  and  were  conclusive  that  certain  acids  and  gases  would 
destroy  the  menstruum  of  a  paint  skin  coating  of  graphite  and  oil» 
but  what  the  effect  of  these  would  have  been  had  the  skin  not  been 
removed  from  the  metal  is  not  stated.  The  professor  evidently, 
from  the  paragraphs,  page  21,  preceding  the  record  of  his  tests, 
had  found  the  action  of  a  coated  metallic  plate  essentially  differ- 
ent from  that  of  a  paint  skin  detached  from  its  bond  on  the  plate, 
and  so  far  as  the  pigment  was  concerned  in  its  relation  to  the  oil 
as  a  protection  from  corrosion,  the  experiments  might  as  well  have 
been  conducted  with  dried  oil  coating  alone.  The  professor's 
experiments  with  the  action  of  heat  upon  paint  skins  of  various 
composition  is  quite  as  inconclusive  of  what  to  do  to  protect  our 
ferric  structures  as  his  other  reported  chemical  experiments.  We 
do  not  expect  our  paint  coatings  to  take  the  part  and  form  of  a 
loose  tarpaulin  covering,  or  to  require  an  umbrella  covering  to 
protect  them  from  the  sun.  There  are  many  commercial  paint 
and  varnish  compounds  which  successfully  resist  nearly  all  of  the 
destructive  elements  detailed  by  Professor  Spennrath,  and  it  is  to 
be  regretted  that  his  experiments  did  not  embrace  some  of  them, 
instead  of  the  one  flake  graphite  pigment  he  used,  which  cannot 
be  had  for  a  dollar  a  pound. 

GrapJiite. 

30.  Graphite,  in  the  many  varieties  of  its  foliated  flake  or 
amorphous  forms,  is  found  in  all  parts  of  the  world  and  is  of 
various  degrees  of  purity,  ranging  in  the  foliated  form  from 
60  to  99  per  cent,  of  carbon,  the  purest  brands,  or  those  con- 
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taiuiog  the  largest  amoant  of  graphitic  carbou,  being  the  light- 
est. Its  specific  gravity  ranges  from  1.21  and  1.40  to  2.255 
and  2.768.  *  The  Ceylon,  Cumberland,  Indian,  and  American 
varieties  are  remarkably  pure,  and  are  used  principally  for 
})encils,  crucibles,  lubricants,  stove  jiolish,  and  to  tone  up  the 
Siberian,  German,  and  other  poorer  varieties  for  the  many 
])urposea  of  the  day,  which  have  developed  a  branch  of  manufac- 
ture second  to  none  in  energy,  skill,  chemical  knowledge,  and 
trade  requirements. 

In  this  article  we  are  dealing  with  graphite  as  a  pigment,  and 
hoAvever  suitable  a  foliated  graphite  may  be  for  a  pencil,  cru- 
cible, or  lubricant,  its  use  as  a  pigment,  for  the  reasons  men- 
tioned before,  is  not  as  satisfactory  as  the  amorphous  variety, 
which,  loss  rich  in  carbon,  contains  other  substances  non-corro- 
sivo,  non-absorbent  of  moisture  and  gases,  either  individually  or 
collectively  as  a  granulated  natural  compound.  That  this  point 
ijfiy  be  duly  considered,  when  a  pigment  is  to  be  selected  for 
f:>rric  structures,  we  give  the  following  analyses  of  amorphous 
graphite  from  three  Avidely  separated  mines : 

Luke  Snperior  Mines, 
SDHTitin  uiid  CiTinari  Miiic^.  u.  8.  A. 

Dciroit  linphlte 
Mff;.  Co. 

('arl)on  (grupliitio 3:5.20  to  yO. 06  28.39  to  88.48 

Silica  us  MO,  .c(>inl>inea) 43.20  "•  37.70  40.97  "  37.54 

ln>i,  soiul,lon^s  Fr,Oj      .... . .       ,  .^     ..     ^  ^,  ^        „  ^ 

•*     insoluble  as  l'i.'...().,  ((^nnhined) \ 

AliiiniimaHAl...().  (combined) l.j.42  "  17.80  16.90  **  12.85 

ralcinni  as  (W).   ......      |  ^    ,g  ..       ^  ^ 

Magni-sia  as  MgO  (combined) ) 

Carbon  dioxide,  conibiiuHl  water,  sodium  i 
comi>ounds,      volatile     matters,      iron  ■      4.09  "     3.22  2.53  "    1.86 

Hyrites,  and   loss ) 

100.00  to  100.00  100.00  to  100.00 

These  minerals  grind  land  bolt  in  a  granular  and  approximately 
cubical  form,  are  not  repellent  of  tbe  oil  or  vehicle,  are  nearly 
as  unoxidizable  from  moisture  and  atmospheric  influences,  com- 
bustion gases,  etc.,  as  pure  carbon  ;  are  of  an  agreeable  color  of 
theniselvos  as  pigments,  work  well  in  combination  with  other 
colors,  flow  well  under  the  brush  and  cover  as  much  surface  as 
any  other  good  i)aint ;  do  not  separate  from  the  oil  in  the  paint 
pot  or  barrel  in  storage,  are  prepared  ready  for  use,  and  cost 
less  per  gallon,  and  Avill  last  longer  w^hen  i)roperly  applied  to  a 
ferric  structure  than  any  pure  flake  graphite  pigment,  which  was 
the  base  of  Professor  Spennrath's  experiments.     They  are  prac- 
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tioallj  indestrnotible  by  any  heat  less  than  that  which  would 
char  the  oil  (600  degrees  Fahr.). 

31.*  Boiler  tubes  coated  with  the  Superior  Graphite  brand  of 
paint  having  been  exposed  to  internal  firing  and  hot  water  action 
under  constant  working  pressures  of  eighty  or  more  pounds  per 
square  inch  for  two  years,  have  kept  their  coatings  uninjured  and 
as  fresh  as  when  first  applied.  Pieces  of  iron  coated  with  this 
brand  of  paint  have  been  dipped  in  muriatic,  sulphuric,  and 
oxalic  acids,  and  then  allowed  to  dry  with  the  acid  on  them  for 
nineteen  days  without  showing  a  trace  of  any  damage  to  the 
paint.  Other  protective  oil  paints  subjected  to  the  same  tests 
were  utterly  destroyed  in  twenty-four  hours.  Superior  Qraph- 
ite  paints  have  been  immersed  in  strong  solutions  of  sal-soda 
and  ammonia  for  nineteen  days,  and  in  coal  oil  for  several  weeks, 
without  showing  injury.  Tested  in  boiling  alcohol,  boiling 
beer,  boiling  brine,  boiling  sugar  and  water,  cold  soft  soap  for 
twenty-four  hours,  they  remained  uninjured,  while  other  pro- 
tective paint  coatings  exposed  to  the  same  tests  were  destroyed 
in  from  fifteen  minutes  to  one  hour.  These  results  were  pro- 
duced by  specially  prepared  samples  for  the  several  special  re- 
quirements to  which  the  coating  was  to  be  subjected  in  service, 
but  the  pigment  base  of  the  paint  was  in  all  cases  the  ordinary 
stock  of  commercial  Superior  Graphite  paint  sold  in  the  open 
market  by  thousands  of  barrels  yearly. 

32.  While  tests  of  special  paints  are  not  regarded  by  many 
engineers  as  indicative  of  their  value  to  resist  the  ordinary  con- 
ditions of  a  coating  exposed  to  weather,  they  do  show  that 
paints  which  can  withstand  these  severe  tests  are  certain  to  give 
more  satisfactory  results  in  general  use  on  any  ferric  structure 
than  the  many  competitive  and  cheaper  coatiiigs  whose  low 
price,  and  not  their  protective  results,  is  their  principal  recom- 
mendation. They  also  show  that  if  the  conditions  are  known 
to  which  a  coating  is  to  be  subjected,  it  can  be  generally  fur- 
nished to  meet  them  successfully.  That  the  strictly  commercial 
brands  of  the  Superior  Graphite  paints  appear  to  be  as 
thoroughly  reliable  protective  coatings  for  ferric  structures 
exposed  to  weather  under  the  various  conditions  to  which  such 
bodies   are   generally  subjected  as   are  the   special  brands  of 


*  Trans.  A.  S.  M.  E.,  1894,  vol.  xv.,  paper  No.  598,  pages  1072,  1078;  also  1895, 
vol.  xvi.,  paper  No.  637,  page  700. 
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paints  above  mentioned  is  evident  from  the  following  examples 
selected  from  scores  of  instances  of  their  application : 

33.  The  Union  Station  railway  viaduct  over  the  Michigan 
Central  Railroad  at  Detroit,  Mich.,  erected  in  1891-92,  was 
painted  with  red  lead,  which  utterly  failed  within  two  years, 
owing  to  the  smoke  and  steam  from  the  locomotives  in  constant 
service  beneath  it.  About  one-half  of  the  entire  structure,  com- 
prising the  most  exposed  and  badly  injured  portions,  was  re- 
painted in  1894  with  one  oxtf  of  Superior  Graphite  paint,  and  is, 
at  the  present  date,  in  as  perfect  condition  as  when  repainted, 
and  will  evidently  remain  so  for  many  years.  The  failure  of  the 
red  lead  coating  could  have  been  foreseen,  had  the  engineer  in 
charge  considered  the  fact  that  an  oxide  of  lead  coating  exposed 
to  gaseous  acid  or  hydric  sulphide  (always  present  in  the  gases  of 
combustion)  In/  the  inexontUe  Jaws  of  eheinht nj  changes  the  oxide 
of  lead  to  a  sulphide  of  lead,  whose  volume  is  33  j)er  cent, 
greater  than  the  oxide  from  which  it  was  formed,  this  change 
taking  place  while  the  oxide  is  embedded  in  the  dried  men- 
struum. No  wonder  that  the  red  lead  coating  failed  here,  as  it 
will  in  all  other  locations  in  the  presence  of  hydric  sulphide, 
hot  or  cold. 

34..  The  structural  and  covering  steel  work  of  blast  furnaces, 
the  rolling  mills  and  other  workshops  connected  with  manufac- 
turing steel  plants,  are  particularly  exposed  to  tlie  attack  of  this 
gaseous  acid,  and  where  the  protective  coatings  have  been  red 
l(»ad,  it  has  always  failed  after  a  brief  existence,  and  always  wilL 

The  engineer  of  a  prominent  Western  steel  plant,  after  a 
thorough  test  of  ten  different  paints,  extending  over  three  years, 
abandoned  the  use  of  red  lead,  and  all  other  com])etitive  paints, 
selecting  the  Superior  Graphite  paints  for  the  blast  furnace  and 
all  other  buildings  of  his  company,  also  for  repainting  the  old  ones. 

35.  An  important  railway  bridge  over  the  Monongahela  River 
at  Pittsburg  is  in  a  pai'ticularly  exposed  position,  subjected 
constantly  to  an  atmosphere  heavily  charged  with  moisture  al- 
most amounting  to  a  perpetual  fog,  charged  with  the  sulphurous 
fumes  from  passing  steamboats,  and  tlie  manufactories  in  the 
city.  It  was  painted  in  189G  with  Superior  Graphite  paint,  which 
is  to-day  in  ])crfect  condition,  and  will  not  need  re{)ainting  in 
many  years. 

36.  The  double  deck  bridge  of  the  Chicago,  Eock  Island  and 
Pacific  Eailroad,  over  the  Mississippi  River  at  Rock  Island  (the 
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largest  bridge  over  that  river),  was  coated  in  1897  with  Superior 
Graphite  or  L.  S.  G.  brand  of  commercial  paint,  selected  by  the 
railway  and  the  United  States  Government  engineers  in  charge 
of  the  work  after  an  extended  examination  and  test  of  many 
paints  in  competition.  The  present  coating  of  this  bridge  is 
perfect  in  all  respects,  though  in  an  exposed  situation,  and 
subjected  to  the  unusual  conditions  of  a  railway,  animal,  team, 
and  footway  service. 

37.  The  structural  steel  work  of  the  United  States  Government 
Printing  Office  at  Washington,  D.  C,  the  Waldorf-Astoria  Hotel, 
and  the  Metropolitan  Life  Insurance  Building  in  New  York 
City,  all  ranking  among  the  largest,  best  designed,  and  con- 
structed buildings  in  the  world,  are  all  painted  with  Superior 
Graphite  paints,  selected  from  many  competitive  paints,  after 
long  and  exhaustive  tests  of  the  same  by  the  architects  and  en- 
gineers in  charge  of  their  construction.  The  same  can  be  said 
of  scores  of  other  large  and  first-class  modern  steel  structures 
in  New  York,  Boston,  Philadelphia,  Chicago,  and  other  cities. 
The  Superior  Graphite  paints  have  been  selected  as  coatings  in 
almost  every  case  after  competitive  tests  with  other  ferric  coatings. 

38.  These  favorable  results,  following  the  use  of  this  brand 
of  graphite  paints,  have  been  taken  almost  at  random  from  hun- 
dreds of  applications  to  all  kinds  of  structures,  large  and  small, 
and  under  all  possible  conditions  of  exposure.  They  cannot  be 
deemed  accidental  results,  but  must  rest  upon  the  superior 
quality  of  the  amorphous  graphite  pigment,  the  well  selected 
and  carefully  prepared  menstruum,  the  thorough  methods  of 
manufacture,  all  combined  to  produce  a  homogeneous  reliable 
product,  wliich  is  not  due  to  any  haphazard  combination  of  for- 
tuitous events. 

39.  Parties  in  interest  as  users  of  large  quantities  of  paints 
ask  why  the  Lake  Superior  amorphous  graphite  furnishes  a 
pigment  superior  to  other  brands  richer  in  carbon  either  as  an 
ore  or  combined  with  free  silica.  The  qualities  of  an  artificially 
combined  carbon  and  silica  pigment  are  given  elsewhere  in 
this  paper.  AVith  a  natural  graphite  ore,  the  larger  the  per- 
C9iitage  of  j^raphitic  carbon,  the  lower  is  the  percentage  of  silica 
combined  with  it,  the  other  combined  substances,  about  20  to 
24  per  cent,  (see  analyses),  remaining  approximately  the  same. 
If  the  combined  silica  be  wholly  replaced  (or  nearly  so)  by  the 
carbon   the  ore  becomes  greasy  to  the  touch,  does  not  grind 
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well,  is  repellent  to  the  menstruum,  does  not  spread  well  as  a 
paint,  and  when  the  menstruum  is  weakened  or  alSTected  by  causes 
due  to  elemental  or  other  effects,  and  the  pigment  atom  is  ex- 
posed, its  bond  with  the  menstruum  and  to  the  surface  on  which 
it  lies  or  is  in  juxtaposition  is  weak  by  reason  of  its  repellent 
nature,  and  it  is  soon  washed  out,  and  a  porous  coating  results 
which  hastens  the  decay  of  the  whole  coating.  Experiments 
show  that  graphite  ores  containing  60  or  more  per  cent,  of 
graphite  carbon  ^/v  nnf  any  more,  if  as  durable  pigments,  when 
exposed  to  either  chemical  or  natural  decay,  as  those  containing 
lower  amounts  of  carbon.  A  graphite  or  other  mineral  atom 
will  bond  bett^^r  to  the  menstruum,  and  to  the  surface  over  which 
it  is  spread,  when  the  percentage  of  the  metal  or  substance  that 
forms  the  base  of  the  mineral  is  low. 

A  Mj}/t  a  It  II  m   L  \hi  1  !n  ys. 

40.  The  so-called  asphaltum  paints  in  general  have  thus  far 
proved  to  be  quite  as  ineffective  as  protective  coatings  as  any 
of  the  iron  oxide  or  miscellaneous  compound  paints.  Their 
name  is  a  misnomer,  as  few,  if  any,  contain  5  per  cent,  of  asphal- 
tum, and  even  that  amount  is  seldom  treated  to  free  it  from  the 
vegetable  matter  and  acids  with  which  it  is  associated  in  its 
natural  state,  and,  as  a  rule,  the  substances  incorporated  with 
it  as  pigments  are  quite  as  carelessly  chosen  and  uncertain  in 
composition  as  the  asphaltum  itself,  which  is  simply  the  residual 
from  evaporated  petroleum,  and  contains  in  its  natural  state 
often  as  high  as  10  per  cent,  of  sulphur.  Benzine  and  bisul- 
phide of  carbon  (made  by  passing  the  vapor  of  burning  sulphur 
over  burning  charcoal)  are  generally  employed  as  solvents  of 
the  asphaltum  in  the  i)reparation  of  the  menstruum,  and  what- 
ever j)igments  are  incorporated  with  it,  they  are  more  or  less 
affected  chemically  by  the  bisulphide  ingredient.  They  are  in 
no  rc^spect  a  synthetical  mixture,  either  in  the  pigment  or  paint, 
but  are  mechanical  haphazard  compounds  drying  by  evapora- 
tion instead  of  bv  resinification.  Its  name  is  a  catchv  one  to 
conjure  with,  and  to  sell  the  product,  and  its  use  should  lie  con- 
fined to  the  many  minor  ferric  constructions  of  the  day,  but  not 
allowed  on  the  more  important  structures,  whose  condition 
should  be  always  above  suspicion  of  corrosion.  Its  low  price 
is  a  strong  element  in  its  favor  with  purchasing  agents  and 
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indifferent  bridge  painters,  where  quantity  rather  than  quality 
governs.  A  moderate  price  in  a  bridge  paint  usually  denotes  a 
moderate  or  no  result  in  a  protective  sense. 

41.  Bitumen,  aspLaltum,  and  other  varnishes,  noi  paints,  have 
not  received  the  attention  from  engineers  and  other  persons 
responsible  for  the  care  and  protectiou  of  our  ferric  structures 
that  their  merits  deserve.  This  is  probably  owing  to  their  high 
coat.  The  still  required  in  their  preparation  debars  tlie  average 
paint  compounder  from  attempting  their  manufacture,  and  more 
care  is  required  to  apply  mem  than  the  cheap  painter  will  give. 

42.  A  notable  instance  of  their  efficiency  when  well  made  is 
afforded  in  the  case  of  the  steamer  "  Glenarm,"  used  in  the  coast- 
ing trade  between  Scotland  and  England,  that  was  wrecked  in 
1895.  (For  fuU  report  see  Eii'jlneering,  July  13,  1896,  pp.  157, 
158  ;  also  Tra?isacfions  American  Society  Mechanical  Engineers, 
vol.  xviii.,  1896,  paper  No.  713,  pp.  251-289,)  This  ship,  carry- 
ing 650  tons  of  burnt  iron  ore  or  residuum  from  the  manufacture 
of  vitriol,  was  beached  to  prevent  total  loss.  She  was  submerged 
to  her  deck  for  oji 1 1/ six  da i/s,  vhan  she  was  pumped  out  and 
raised.  All  of  the  bright  iron  surfaces  of  lier  engines  and  the 
inside  surface  of  the  steam  cylinders  and  cheats,  donkey  pumps, 
boilers,  etc.,  were  corroded  and  softened  from  aV  to  g  of  an 
inch,  and  required  to  be  remachined  in  all  their  parts.  All  the 
copper  pipes  were  affected,  many  were  renewed.  The  composi- 
tion metal  in  the  valves,  packing  rings,  etc.,  appeared  as  though 
the  zinc  in  the  metal  had  been  sucked  out.  Every  100  tons  of 
the  burnt  ore  carried  corrosive  agents  which  would  have  dissolved 
at  saturation  thirty-two  hundredweight  (S.iiSt  pounds)  of  iron, 
or  for  the  whole  cargo  21,504  pounds.  How  much  iron  in  the 
ship  and  machinery  was  actually  dissolved  in  the  short  period 
of  her  immersion  is  unknown,  but  it  must  have  been  considera- 
ble from  the  effects  upon  her  machinery  as  above  stated.  What 
would  have  been  the  effect  had  the  immersion  been  30  or  60 
days  can  only  be  conjectured  from  the  fact  that  the  bolts  and 
nuts,  hammers,  spanners,  firing  tools,  and  all  small  and  loose 
iron  parts  were  wasted  away  to  a  semblance  and  required  re- 
newal. The  shaft  journals,  crank  pins,  and  all  exposed  parts 
between  the  boxes  and  housings  were  badly  corroded,  and 
required  remachining.  The  machinery  part  of  the  vessel,  other 
than  its  bright  or  moving  parts,  was  painted  with  7'iyl  lead  atid 
boiled  oil ;  the  walls  of  the  engine  and  fire  room  and  passages 
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were  painted  with  whlh'  lead^  and  htth  were  unaffected  hy  the 
corrosive  hath.  All  parts  of  the  journals  whicli  were  in  actual 
contact  with  other  metal,  but  witli  a  film  of  lieavy  lubricating 
oil  between  them,  were  also  uninjured.  Tlie  framework,  in- 
side skin  of  the  vessel,  coal  bunkers  and  cargo  bulkheads,  etc., 
were  uninjured,  though  exposed  to  the  full  strength  of  the  solu- 
tion from  the  corrosive  cargo,  as  the  sea  water  here  had  no 
change  from  the  tides  as  in  other  parts  of  the  vessel.  These 
parts  were  coated  with  James  Ritchie  &  Sons',  Limited  (Belfast) 
anticorrosive  bitumen  varnish  (imt  pahtt),  manufactured  from 
pure  bitumen  freed  from  organic  acids,  etc.  This  was  an  extraor- 
dinarily severe  test  for  any  coating,  and  while  not  likely  to  occur 
once  in  a  thousand  instances,  yet  the  coating  that  has  endured 
it  successfully  is  a  good  one  to  adopt  for  any  ferric  structure. 

43.  A  similar  composition  of  varnish  to  the  above  (Bitchie's) 
is  manufactured  by  Edward  Smith  &  Co.,  under  the  name  of 
"  Durable  Metal  Coating,"  com])osed  of  asphaltum,  Kari  gum, 
linseed  oil,  and  turpentine,  compounded  by  a  moderate  and  long- 
continued  heat,  until  the  several  substances  are  thoroughly  in- 
corporated together,  and  the  albumen  and  other  impurities  are 
removed  by  evaporation  or  deposit.  This  coating  contains  no 
pigment  or  foreign  substance  in  its  composition,  is  strictly  a 
varnish,  and,  as  a  protective  coating  applied  with  a  brush,  is 
secondary  to  none.  The  best  results  are  obtained  from  its 
application  when  the  material  coated  and  the  compound  itself 
are  moderately  warm,  as  in  the  sun  on  a  hot  day — a  result  that 
is  equally  noticeable  witli  any  good  oil  paint. 

44  The  literature  of  protective  coatings  has  been  greatly 
enriched  by  Edward  Smith  &:  Co/s  publication  as  a  trade  cata- 
logue of  tlie  discussions  on  ''Protective  Coatings  for  Iron 
Work,"  by  Prof.  A.  H.  Sabin,  M.S.  (M(»mber  of  the  Society  and 
late  Professor  of  Chemistry  in  the  University  of  Vermont),  read 
at  a  meeting  of  the  Xew  England  Railway  Club,  Boston,  Mass., 
and  l>efore  the  Ameri(^an  Socicity  of  Civil  Engineers,  New  York, 
1895.  It  is  possibly  a  too  radical  departure  from  the  old-time 
methods  of  protecting  ferric  stru(»tures  In*  the  paint  brush  and  a 
pot  of  some  sort  of  compound  called  paint  for  many  engineers, 
either  in  constru(*tion  or  in  cluirgo  of  re])airs,  to  consider  the 
merits  of  a  baked  japan  cojiting  such  as  is  described  by  Professor 
Sabin,under  the  namt^  of  '*I>jiko(l  Coating,"  which  has  proved  to  be 
so  reliable  to  prevent  corrosion  under  hydraulic  and  underground 
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tests.  The  process  is  peculiarly  adaptable  for  all  the  chord  eye 
bars,  lattice  posts,  struts,  and  other  members,  vhich  in  position 
are  so  closely  set  together,  or  from  their  lattice  box  form,  that 
their  actual  condition  on  the  inside  surfaces  can  never  be 
ascertained,  only  guessed  at,  and  can  never  be  either  inspected, 
scraped,  or  repainted  in  such  a  manner  as  to  insure  their  being 
absolutely  protected  against  corrosion  which,  once  established, 
mast  proceed,  and  this,  too,  on  the  very  parts  of  the  truss  on 
which  its  strength  is  dependent.  From  the  disturbed  condition 
of  the  iron  or  steel  at  the  eyes  of  t1r«  chord  bars  Jue  to  the 
operation  of  forging,  the  metal  at  these  points  is  affected  and 
not  in  its  normal  condition  as  relates  to  the  body  of  tlie  bar, 
which  is  as  it  left  the  rolls.  These  eye  bars  have  been  found 
to  be  unequally  affected  by  the  local  galvanic  action  set  up  in  all 
bars  of  iron  or  steel  under  stress,  and  become  electro -positive 
at  or  near  the  eyes  and  welds  where  the  metal  has  been  most 
disturbed  in  forging,  and  this  action  seems  to  concentrate  the 
corrosion  at  those  points  if  there  is  any  deficiency  of  tbe  pro- 
tective coating  at  or  near  these  points  to  localize  it.  The  electro- 
motive force  between  the  body  and  eyes  of  a  tension  bar  has 
been  found  to  range  from  0.003  volt  to  0.023,  0.019  being  that 
due  to  soft  Bessemer  steel,  from  which  such  bars  are  generally 
forged.  The  position  of  these  bars  as  to  their  magnetic  polarity 
has  been  found  to  manifestly  increase  this  electromotive  force 
at  times  to  nearly  double  these  amounts,  and  this  ever  present 
element  always  ready  for  duty  may  be  the  agent  which  has  caused 
some  inexplicable  instances  of  corrosion  like  that  where  5-inch 
by  1-inch  bars  have  corroded  beyond  the  limit  of  safety,  and 
other  instances  where  holes  nearly  an  inch  in  diameter  could 
be  cut  through  the  bar. 

45.  The  edges  of  all  channels,  angles,  tees,  and  other  special 
truss  forms  are  a  well  defined  round,  and  when  closed  together 
or  to  plates  or  bars  in  the  many  types  of  bridge  construction, 
form  at  their  intersection  a  reentering  angle  or  groove,  instead 
of  a  salient  one.  Besides,  the  rough  edges  of  these  forms  and 
this  rough  reentering  angle  are  hard  to  paint,  as  the  paint  will 
not  flow  down  into  them  of  its  own  volition,  and  the  painter  is 
generally  too  careless  to  fill  them  with  bis  brush  even  if  the  con- 
fined strip  of  air  did  not  refuse  to  escape  as  the  paint-loaded 
brush  is  drawn  over  it  or  slapped  on  it.  Particularly  is  this 
ttie  case  if  the  surfaces  are  cold  or  damp.     These  places  are  not 
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few  in  number  and  of  no  moment,  but  are  to  be  found  by 
hundreds  of  lineal  feet  in  any  structure  of  magnitude,  and  are 
almost  invariably  the  seat  of  corrosion.  They  are  seldom 
scraped  out  in  repainting  the  structure ;  the  ballast  and  street 
dust,  cinders  and  ashes  from  the  locomotives  find  ready  lodg- 
ment at  these  points,  and  are  not  washed  out  by  the  storms, 
only  kept  moistened  and  ready  to  commence  their  corrosive 
work  at  the  earliest  moment  possible.  The  destructive  carboni- 
zation of  bituminous  coal  for  coal  gas,  or  for  hard  foundry 
coke,  only  eliminates  about  one-half  of  the  sulphur  in  it,  the 
other  half  being  found  in  the  resultant  coke.  About  one-half 
of  this  remainder  is  consumed  in  the  high  heat  of  the  locomotive 
fire  box,  and  the  balance  is  found  in  the  ashes  and  cinders.  The 
soft  coal  used  on  many  railway  lines  often  contains  4  per  cent  of 
sulphur,  and  a  solution  from  the  ashes  and  cinders  is  strong  enoiigh 
to  redden  litmus  paper.  Small  wonder  that  many  bridges  are  in 
an  advanced  state  of  corrosion  within  ten  years  of  their  erection. 

46.  There  is  nothing  impracticable  in  applying  a  baked  japan 
coating  to  all  these  parts  of  a  railway  truss,  except,  possibly, 
the  end  posts  and  top  cords  which  require  to  be  riveted  up  in 
position.  The  floor  beams,  stringers,  etc.,  could  receive  the 
same  treatment,  while  the  added  protection  from  this  process 
manifest  in  the  lessened  amount  for  materials  and  labor  in  the 
frequent  repainting  of  the  structure,  would  probably  equalise 
the  cost  as  compared  with  paint  within  comparatively  a  few  years. 

47.  Whatever  its  cost  per  square  foot  of  surface,  there  is  no 
doubt  that  all  parts  of  the  iron  work  used  on  the  underground 
railway  svstem  now  under  construction  in  New  York  City,  which 
is  covered  in  and  out  of  sight,  and  cannot  be  readily  inspected 
at  all  times,  should  receive  a  baked  japan,  or  other  enamelled,  or 
Bower-BariF  coating,  particularly  the  roof  girders,  beams,  and 
covering  plates,  as  well  as  all  the  iron,  which  is  embedded  in 
mortar  or  cement,  which  in  these  locations  will  always  be  moist, 
so  that  caustic  action  from  the  lime,  mortar,  and  hydranlio 
cement  will  disastrously  alBFect  the  ordinary  oil  coatings  in 
contact  with  them.  Once  closed  in,  there  is  no  remedy  for  cor- 
rosion except  another  upheaval  of  our  city  streets,  and  an  added 
burden  of  discomfort  and  debt,  which  in  all  reason  with  our  past 
engineering  experience  applicable  to  the  needs  of  the  day,  we 
ought  to  he  able  to  avoid  without  a  special  act  of  the  Legislatnrei 
or  the  consent  of  a  political  boss. 
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48.  In  a  paper  read  before  the  Newoaeile,  England,  section  of 
the  Society  of  Chendof^  Indostrj,  Mr.  Henry  Smith,  F.  L  C, 
described  a  series  of  experiments  upon  the  protective  powers  of 
27  different  English  commercial  paints,  as  applied  to  iron  work 
in  60  separate  instances.  Beprinted  from  the  Engineer  (London), 
by  the  American  Qas  Light  Journal^  September  4, 1899.  The 
methods  of  test  were  those  devised  and  employed  by  Mr.  Max 
Toltz,  C.  E.,  in  a  series  of  experiments  upon  a  number  of 
American  commercial  protective  coatii^  for  iron,  the  deductions 
being  embodied  in  a  paper  read  by  Mr.  Toltz  before  the  Society 
of  Civil  Engineers,  St.  Paul,  Minn.,  and  reported  in  the  Journal 
of  the  Association  of  Engineering  Societies,  1897,  reprinted  in 
the  American  Gas  Light  Journal^  September  20,  1897.  Three 
sets  of  bright  and  clean  iron  plates,  all  of  the  same  size,  were 
respectively  coated  with  the  several  paints,  in  all  cases  furnished 
as  a  stiff  paste  in  the  proportions  of  pigment  and  oil,  as  herein 
given,  and  when  applied  were  brought  to  the  consistency  of  a 
paint  by  mixing  with  genuine  boiled  linseed  oil,  capable  of  dry- 
ing in  seven  hours  under  ordinary  conditions  of  temperature^  no 
driers  or  turpentine  being  used.  The  first  coat  was  allowed  to 
dry  thoroughly  firm  before  the  second  coating  was  applied. 
When  this  was  firm  and  hard,  one  set  of  the  plates  was  exposed 
to  the  weather,  as  in  ordinary  cases  of  painted  structures.  The 
other  two  sets  were  treated  as  follows :  One  set  was  simply  to  cor- 
roborate the  results  obtained  from  the  other  set ;  the  results  being 
practically  identical  in  each  case.  Each  painted  strip  was  placed 
in  a  clean,  wide-mouthed  glass  bottle,  half  filled  with  clean,  pure 
water.  The  bottles  were  not  closed,  but  were  protected  from  the 
entrance  of  dust  and  impurities  while  allowing  the  air  free  access 
to  the  painted  plates.  Several  of  the  plates  had  commenced  to 
corrode  in  about  a  week.  This  was  indicated  by  a  cloudiness  in  the 
water,  which  afterwards  became  further  oxidized,  and  formed  a 
red  precipitate  of  ferric  oxide  or  rust,  which  subsided  partly  to  the 
bottom  of  the  vessel.  After  three  months'  exposure  the  plates  were 
removed,  and  the  liquid  in  each  bottle  together  with  the  sediment 
was  tested  for  the  percentage  of  iron  present  in  the  form  of  rust. 

49.  The  figure  given  as  denoting  the  amount  of  corrosion  is 
less  than  the  actual  amount,  as  it  does  not  include  the  portion 
that  adhered  to  the  plate,  which  was  not  scraped  or  brushed  to 
remove  the  portion  that  would  not  drain  off.  In  each  case  the 
weight  of  rust  was  calculated  to  pounds  of  rust  per  1,500  square 
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yards  of  painted  Hurface ;  the  other  figures  give  the  peroentaga 
composition  of  the  several  paints  by  weight. 


Condition  After  Three  Months'  Exposure. 

Pounds  of  Rust  from  1,500  Square  Yards  of  Surface. 

OomMton. 
6  samples  of  red  lead  alone,  or  mixed  witli  Uarytes  50^  ;  raw  oil,  10.00%   None. 

Red  lead 22.00^; :  barytes,  66.00;^  ;  total..  88.00?  ;     "      "    12.00)K 

33.33,<?;       "        58.80^;     "    ...92.18jt;    "      "     7.97% 


<  ( 


i( 


ff 
ff 


3  samples  zinc  oxide, 
Zinc  oxide 27.27r? ; 


t( 


<( 


45,00J? ; 
63.03rr ; 
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i< 


lO.OOjt  TnuM. 
. .  .90.90:^  ;  boiled  oil,  9.1<V       '' 


While  lead,  ) 


])ure 
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-92.r)6:; 
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7.40    75  lbs. 


tf 


...88.125?; 


White  lead....  53.78f;;        "        40.33?;     '*    ...94.115?:     '*      "    6.B9%    80 
**   ....50.52?:;       -        42  lOf? ;    "     ...92.62>;     "      "    7.883f    95 

Iron  oxide,   pale  (SO;-;  FeaO,). .  83.00^;  ; *'      "  16.40$(    81 

dcjep  (96r;  FeaO,). .  86.80;?  ; raw  oil.  18.11  J<  123 

Venetian  red 7.55!?  } 

liarvtes 80.575:  ) 

Iron  oxide,  medium  color  (94;? 

Fe,Oa) 8C.89;?; 

Iron  oxide,  extra  bright  color 

(90r;  FesO,) 82.35:? ; 

Iron  oxide,  ])ure  (90,-^  Fe-jOj). . .  76.30;?  ; 
*'        **      medium ...12.30r?) 

Barytes 76 .  22!?  f 

Indian  red  (70^?  Fe.O,) 82.35:;  ; 

Turkey  red  (05:?  Fe^Oa) 81.16:? ; 

Iron  oxide 27.03r?  \ 

Bar}'tes  and  calcium  carbonate.  02.52;?  S 

Barytes    (natural    barium    sul- 
phate)  88.00.^  ;  . . . 

Iron  oxide,  Venetian  red 8.47.'? ) 

Barj'tes  and  calcium  carbonate.  78,80'?  ^ 

Iron  oxide 13.93'?  \ 

liarvtes  aiul  ralcium  carbonate.  (W).()0'*  ;-    ** 


•1 


»< 


...88.52;?; 


(( 


.  .  .Ov.tyO/f 


...87.27;?; 


. .  .86.07^ 


11.88%  123 

t( 

18.11%  134 

•• 

17.66%  117 

•f 

28.70%  180 

fC 

11.48%  244 

•< 

17.88%  827 

c« 

18.84%  288 

f( 

10.65%  898 

<l 

12.00%  165 

<• 

12.78%  118 

<( 

12.14%  842 

tl 

7.61%  286 

(f 

...92.39^:; 


...79.87j?;boiledoil,20.18%  852    " 


"**■•" i 

Rose  pink  i])rinci])ally  barytes).  12.14'.'  ' 

Barytes  and  calcium  carlxmate.  80.56:^  j*     ,, 

Celestial  blue 11.83:.  ^ 

Barytes  and  calcium  carlnmate,  68.09'.  ^ 

Ivor}'  and  carbon  black 8.42'.  ■-    " 

Mangani'se  dioxide 2.46;?  / 

Baryifs  and  calcium  cavl^mate,  10.30'?  \ 

Carbon  and  bone  black 4.3.")'?  -    •• 

Man/^nese  dioxide 1 .30!?  ' 

Drop  black  (cliarcoal  black). . .  .60.000:  ; boiled  oil.  40.00%  250 

Flake  graphite.  i)un- 69.56'.  ;  raw  oil.  80.44%  215 

Boiled  linseed  oil.  pur«* 500 

Raw  Turkey  umbtr 51 .85?  ;  raw  oil,  48. 15%  510 


.  ..84.95'?  ;  raw  oil,  15.05%  892 


ft 

4f 
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Twenty  mixtures  o£  barytes  alone,  or  with  calcium  carbonate 
mixed  with  Celestial  blue,  Prussian  blue,  chrome  yellow,  raw 
sienna,  Vandyke  brown,  Italiiiu  ochre,  Brunswick  and  other 
greens,  chromate  of  lead,  Engltah  umber,  Turkey  umber,  ultra- 
marine, Chinese  blue,  burnt  sienna,  mixed  with  raw  oil  in  pro- 
portions from  11  per  cent-  to  51  per  cent,  of  the  weight  of  the 
paint ;  the  corrosion  in  the  order  named  above  ran  from  1G8 
pounds  to  441  pounds  per  1,500  square  yards  of  surface. 

50.  Except  in  the  case  of  tlie  blues,  umbers,  siennas,  etc., 
where  the  pigment  had  Ijut  little  influence  on  the  oil  to  resist 
decay  beyond  that  inherent  in  the  oil  alone,  the  more  separate 
substances  that  entered  izito  the  composition  of  the  pigment,  the 
more  unreliable  it  became.  A  single  exception  is  noted  in  the 
case  of  a  Venetian  red  paint,  made  from  barytes,  calcium  car- 
bonate, and  a  small  amount  of  iron  oxide,  that  gave  a  better  result 
than  barytes  alone,  or  when  barytes  was  mixed  with  the  other 
color  pigments  of  much  less  specific  gravity.  Several  substances 
in  a  composite  paint  are  generally  fatal  to  its  protective  quali- 
ties no  matter  to  what  it  is  applied.  The  several  atoms  of  these 
substances,  even  if  uniformly  distributed  in  the  pigment  in  the 
process  of  grinding,  bolting,  and  mixing  {but  they  are  not),  will 
retain  their  justiipositiou ;  when  mixed  with  the  oil,  only  momen- 
tarily, the  heavy  atoms  will  sink,  and  there  will  be  a  marked 
difference  in  the  coating  spread  from  the  top  of  the  paint  in  the 
pot  from  that  in  the  middle  or  bottom  ;  the  lighter  and  most 
perishable  substances  will  get  on  the  surface  first. 

51.  Barytes  worked  well  with  red  lead  and  zinc  oxide,  there 
being  but  a  small  difference  in  their  specific  gravities  as  com- 
pared with  barytes  and  the  other  color  or  base  pigments.  With 
white  lead,  as  the  percentage  of  barytes  was  increased,  so  was 
the  corrosion.  Aside  from  the  reduction  in  cost  of  these  lead 
and  zinc  jiigmenta  by  the  addition  of  barytes,  there  is  no  reason 
for  its  use,  as  the  barytes  alone  did  not  give  a  satisfactory  test. 
No  doubt  from  the  splintery  character  of  its  atoms,  as  has  been 
before  commented  upon,  it  is  wholly  destitute  of  covering  or 
color  power.  The  vagaries  of  ths  iron  oxide  paints  in  the  vary- 
ing proportions  of  the  pigment  and  oil  are  noticeable,  but  not 
so  marked  as  where  barytes,  one  of  the  heaviest  of  all  pigments, 
and  calcium  carbonate,  one  of  the  lightest,  both  classed  as  inert 
pigments,  were  mixed  with  the  oxide,  and  fully  sustain  the  pre- 
vious remarks  upon  the  nnn-protective  character  of  composite 
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and  iron  oxide  paints.  Boiled  r)il,  iu  the  single  instance  re- 
ported, proved  superior  to  raw  oil  us  a  vehicle  for  the  sevend 
iron  oxide  paints  in  the  ratio  of  one  to  nearly  five. 

52.  A  second  series  of  exi)eriments  were  made  bj  the  same 
experimenter,  and  foUowinj:^  the  method  of  Mr.  Max  Toltz,  CE., 
to  wit :  A  number  of  iron  dishes  five  inches  in  diameter  and 
one-half  inch  deep  were  scoured  bright,  and  then  coated  with 
two  coats  of  the  several  paints  used  upon  the  above-detailed 
iron  plates  and  under  the  same  couilitions  as  to  the  composition 
and  drying  of  the  paints.  These  shallow  dishes  were  filled  with 
water  and  allowed  to  cr)mpletely  evaporate  in  the  open  air  of 
the  laboratory.  This  oi>eration  was  repeated  six  times  in  the 
course  of  six  months.  Thus  tested,  the  only  paints  which  re- 
mained practically  unaffected  were  red  lead  and  orange  lead 
paints,  some  of  which,  however,  such  as  the  *'  vermilionette  ** 
and  scarlet  red  paints,  coutaiued  also  a  proportion  of  aniline 
colors,  whilst  two  of  the  red  lead  paints  contained  in  the  one 
case  45  i>er  cent,  of  barytes  and  in  the  other  66  per  cent  All 
the  other  dishes  were  more  or  less  rusted,  the  order  of  merit  of 
the  l>etter  paints  being  as  follows  : 

1st.  Zinc  oxide. 

2d.  Equal  parts  zinc  white  and  barytes. 

3d.  Zinc  white,  3  parts ;  bantes,  7  parts. 

4th.  Lithopone  'a   mixture  of  zinc  sulphate,  zinc  oxide  and 

barytes). 
5th.  Pure  white  lead. 

0th.  White  lead,  5.37  parts ;  barytes,  4.03  parts. 
7th.  White  lead,  5.^5  parts  ;  barytes,  4.21  parts. 

All  the  other  paints,  thirty-six  in  number,  proved  ineffioient. 
The  first  to  show  rust  was  that  one  painted  simply  with  linseed 
oil.  The  above  classification  of  merit  is  by  Mr.  Smith,  and. 
taken  together  with  the  detailed  report  of  tlie  glass  bottle  test 
(before  given),  nifxy  be  cronsiderod  a  fair  representation  of  the 
protectivfi  (jualities  of  the  hundreds  of  commercial  paints  foisted 
upon  the  market  under  various  trade-mark  names  in  the  United 
States  as  well  as  in  Enghind,  where  the  above  experiments  were 
(conducted. 

53.  Both  the  immersion  and  dish  tests  are  very  important  for 
determining  in  a  n^latively  short  time  the  weather-resisting 
power  of  a  paint.  If  tht*  coating  is  unable  to  resist  the  action 
of  water  or  moisture  in  the  form  of  steam,  fog,  or  vapor  from  a 
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toimel  or  other  confined  space,  it  cannot  be  desi7abl^  for  t)^e 
protectioi;  of  a  ferric  structure,  or  even  a  wooden  one.  The 
dish  test  probably  is  the  nearest  to  the  actual  condition  which  a 
paint  must  withstand.  When  the  water  in  the  dish  is  nearly 
evaporated,  there  remains  in  the  circular  seam  of  the  bottom  a 
film  of  water  which  contains  the  carbonic  acid  and  the  decom- 
posing gases  and  dirt  from  the  atmosphere,  which  acts  upon 
the  paint  in  such  a  way  that  the  coating  at  that  p^rt  is  soon 
permeated  and  rust  forms.  This  action  is  more  and  more  devel- 
oped after  each  evaporation,  and  practically  covers  the  whole 
dish  in  a  short  time.  In  actual  service  the  same  thing  will 
happen.  The  comer  of  the  dish  finds  its  counterpart  in  every 
comer  of  a  ferric  structure  where  two  plates,  angles,  or  other 
parts  join.  Bust  will  commence  at  those  seams  and  extend 
under  the  paint,  but  will  not  show  as  plainly  on  a  bridge  truss 
as  on  the  small  dish.  The  shallow  dish  tests  by  Mr.  Max  Toltz, 
C.E.  (before  referred  to),  were  made  prior  and  during  1897,  and 
extended  over  a  period  of  from  six  months  to  two  years.  With- 
out entering  into  as  great  detail  as  that  quoted  from  Professor 
Smith,  the  deductions  from  his  tests  are  in  brief.  Twenty-two 
different  paints  were  submitted  to  test  under  the  following 
classification  : 

No.  1.  True  asphaltic  varnish  paints  compounded  by  heat  in  the 
same  manner  as  a  black  baked  japan,  and  practically  of  the  same 
nature  and  comparable  therewith.  No  corrosion  reported  after  the 
dishes  had  been  filled  and  evaporated  naturally  fourteen  times. 

No.  2.  So-called  asphaltic  varnishes,  or  paints  of  inferior 
qualities  to  the  above  No.  1,  made  from  asphaltum  dissolved  in 
benzine  or  other  volatile  menstruums,  hut  were  not  a  true  varnish. 
They  contained  about  43.5  per  cent,  of  vehicle  and  56.5  per  cent, 
of  asphaltum.  As  a  rule  they  showed  well  in  the  beginning, 
but  after  the  volatiles  had  evaporated,  especially  when  subjected 
to  a  moderate  heat  test,  the  coatings  became  quite  brittle,  were 
easily  removed  by  abrasion,  and  did  not  protect  the  surface 
covered  with  them.  Their  composition  varied  in  the  several 
specimens  tested.  One  sample  analyzed  had  no  aspJudtum  in  it. 
Under  test  the  dishes  painted  one  coat  showed  considerable 
rust  all  over  after  the  fifth  exposure.  Those  painted  two  coats, 
after  the  seventh  exposure  showed  not  much  better.  Generally 
their  reliability  as  protective  coverings  for  ferric  structures  is 
the  least  satisfactory  of  all  paints. 
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No.  3.  Black  carbon  paints,  iu  which  the  vehicle  wa43  practi- 
cally a  vaniish,  the  carbon  black  and  other  pigments  being 
ground  in  a  practically  linseed  oil  varnish,  and  are  comparable 
with  No.  1,  to  which  they  are  closely  related.  The  dish  painted 
with  only  one  coat  showed  a  little  deterioration  at  the  end  of 
the  fourteenth  evaporation,  while  the  dishes  painted  two  coats 
were  uninjured,  the  coating  being  as  elastic  and  tough  as  when 
first  applied. 

No.  4.  Iron  oxide  paints  consisting  of  more  or  less  iron  oxide 
with  more  or  less  silicious  matter,  and  compounds  of  lime  and 
magnesia.  They  were  of  different  grades  and  qualities^  were  as 
a  rule  well  ground  and  spread  well.  Under  test  the  dishes 
paint^nl  one  coat,  after  the  fifth  exposure  many  rust  spots 
appeared.  Those  painted  two  coats  were  refilled  six  times,  and 
on  them  the  rust  was  plainly  discernible  to  the  eye. 

No.  5.  Graphite  ])aiuts  and  silica  graphite  compounds.  These 
paints  wore  received  from  the  several  manufacturers  in  the  form 
of  a  stiff*  paste,  and  when  mixed,  ready  to  apply,  4i  parts  of  paste 
to  rU  parts,  by  weight,  of  boiled  linseed  oil  were  used.  The 
dishes  painted  with  one  coat  were  evaporated  ten  times.  After 
the  fifth  evaporation  a  few  specks  of  rust  were  noticeable,  and 
the  number  gradually  increased  after  each  successive  evapora- 
tion. After  the  tenth  exposure  some  slight  difference  between 
them  was  noticeable,  but  not  much.  The  dishes  painted  two 
coiff.s  were  exposed  thirteen  times  in  two  years,  and  none  of 
them  showed  any  rust  or  indication  of  rust.  The  natural 
toughness  and  elasticity  of  the  paint  still  remained. 

54.  It  will  be  noted  that  thero  is  a  wide  discrepancy  in  the 
results  of  the  dish  test  of  Mr.  Toltz,  as  above,  of  the  graphite 
paints,  both  the  natural  amorphous  pigments  and  the  com- 
pounded silica  graphite  pigments,  and  the  plate  test  given  by 
Professor  Smith  of  pure  jf'dr  qrnphltv  mixed  with  raic  Unseed 
nil  that  gave  215  pounds  of  coiTosion  to  1,500  square  yards. 
This,  no  doubt,  is  due  to  the  repellent  nature  of  the  pure  flake 
gra])hite  ;  the  pigment  does  not  take  kindly  to  the  oil,  no  more 
than  soapstono  does.  Raw  oil,  oven  if  pure,  contains  over  7  per 
cent,  of  w\'itor,  that  rondors  a  combination  of  the  graphite  and 
oil  quite  uncertain  unless  under  the  influence  of  heat.  The 
V>oiled  oil  veliieli-  with  pure  Hake  graphite,  used  by  Professor 
Sponnratli  in  his  exp«irinients  <  before  referred  to)  with  paint 
skins  detached  ivo\\\  the  motal  surfaces,  withstood  an  exposure 
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in  a  pure  water  bath  for  six  weeks  without  injury  other  than  a 
slight  loss  in  weight  of  the  skin.  Moisture  in  the  oil  in  this 
case  was  eliminated,  as  in  the  case  of  Mr.  Toltz's  graphite  paints, 
and  the  merits  of  boiled  oil  as  a  vehicle  for  most  paints  over 
raw  oil  is  sustained  in  these  experiments,  as  it  is  in  daily 
practice  elsewhere. 

55.  The  result  of  these  tests  corroborate  the  series  of  tests  made 
by  order  of  the  Secretary  of  the  United  States  Navy  in  1884-5.* 
By  request,  sixty  paint  firms  submitted  seventy -five  different  paints 
for  test,  which  were  applied  to  five  hundred  test  plates,  and  then 
immersed  in  sea  water  at  four  navy  yards,  and  upon  one  govern- 
ment vessel  in  service.  The  paints  that  successfully  withstood  the 
test  and  received  an  order  of  merit  were  red  lead,  zinc  oxide,  car- 
bon, and  graphite  compounds.  The  so-called  asphaltum  paints  were 
at  the  bottom  of  the  list  in  the  no  merit  column.  Evidently  there 
has  been  slight  improvement,  if  any,  in  this  class  of  paints  since  the 
date  of  the  U.  S.  Navy  tests  to  the  present  time,  and  one  can  but 
wonder,  in  the  face  of  repeated  and  recorded  failures,  that  they  ever 
receive  an  application  to  a  ferric  structure,  ashore  or  afloat.  Lead, 
zinc,  carbon,  and  graphite  compounds  maintain  their  supremacy 
for  government  work,  and  particularly  the  amorphous  Superior 
Graphite  paints  that  have  been  selected  b}^  the  Navy  Department 
for  the  war  color  of  our  battleships  and  other  war  vessels,  and  for 
the  gun  carriages  and  other  ferric  bodies  that  line  our  thousands 
of  miles  of  coast  defences.  In  other  tests  of  commercial  and  spe- 
cial paints,  Avhere  the  tests  liave  been  carried  to  the  destruction  of 
the  coating  as  a  whole,  the  partial  destruction  of  the  menstruum 
was  generally  followed  by  the  disintegration  of  the  weaker  sub- 
stances comprising' the  pigment,  such  as  the  carbonate  and  sulphate 
of  lime,  asphaltum,  iron  oxide,  and  the  various  color  pigments,  viz., 
the  ochres,  umbers,  blues,  greens,  carmines,  yellows,  etc.  The  only 
pigments  i)racticall y  unaffected  by  the  destructive  element  were  the 
graphites  ;  the  silica,  barvtes,  slag,  slate,  brickdust,  and  other  adul- 
terants were  but  little  affected,  some  of  them  being  partly  recover- 
able, which  was  also  the  case  with  the  red  lead,  white  lead,  and 
zinc  oxide  pigments.  Pure  water  is  a  greater  destructive  element 
to  an  oil  coating  tiian  solutions  of  sal-ammoniac,  or  chloride  of 
magnesium,  common  salt,  or  natural  sea  water,  if  free  from  sew- 
age, all  of  which  are  generally  classed  as  agents  of  destruction. 


*  Trcma.  A.  S.  M.  A..  1894,  vol.  xvi.,  paper  No.  625,  pp.  39d-402. 
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The  salt  decreases  the  action  of  water  on  an  oil  coating,  the  de- 
struction of  which  is  hastened  by  mechanical  action  if  th^  w^tor, 
either  fresh  or  salt,  or  the  other  solutions,  are  in  motion.  Ordi- 
nary commercial  oil  coatings  are  destroyed  by  diluted  muriate 
and  nitric  acids,  alkaline  liquors,  ammonia,  sulphide  of  ammoniuip, 
soda,  caustic  alkalies,  and  alkaline  solutions  of  coal  ashes,  clinlMrs 
and  cinders,  soot,  etc.  Diluted  sulphuric  acid  does  not  materially 
affect  an  oil  coating.  All  gaseous  acids  destroy  the  coating  quicker 
than  the  acids  in  diluted  aqueous  solution,  the  destruction  being  hi 
all  cases  hastened  by  heat  or  motion.  Hence,  to  determine  the 
probable  protective  value  of  any  paint  or  other  coating,  it  is  neces- 
sary to  know  the  detrimental  influences  to  which  it  is  to  be  sub* 
jected. 

56.  Objection  is  made  by  some  engineers  and  paint  manufiic- 
turers  to  these  methods  of  testing  paints;  that  they  do  not  meet 
the  actual  conditions  of  coatings  exposed  to  weather ;  that  a  ferric 
structure  is  not  always  wet,  but  wet  and  dry,  with  more  dry  houn 
than  wety  etc.  This  would  depend  altogether  upon  the  location  of 
the  structure,  and  in  many  instances  there  might  be  more  wet  or 
damp  hours  than  dry  ones.  A  fog  or  long-continued  sweat  is  more 
destructive  to  a  paint  coating  than  a  passing  storm.  But  the  plain 
fact  remains  that  these  tests  (and  many  others,  the  details  of  which 
are  not  given)  are  all  competitive  as  between  different  commercial 
paints,  and  under  uniform  conditions.  The  trial  given  one  paint 
was  given  to  all ;  the  few  successful  ones  that  head  the  list  are  the 
better  ones  to  select  from  to  base  any  subsequent  improvements  or 
experiments  upon,  or  for  use.  One  manufacturer  remarked,  when 
the  result  of  the  test  was  given  him :  "  If  I  had  only  known  that 
my  paint  was  to  have  been  subjected  to  any  such  test  I  would  have 
furnished  a  different  sample.'*  Just  so,  and  it  wouUl  not  have  been 
such  as  he  was  selling,  |)ossibly  under  a  catchy  trade-mark  ni^nie, 
at  a  high  price  per  gallon,  with  loud  claims  for  its  superiority.  The 
water  test  settles  the  merit  of  a  protective  coating  in  short  order, 
and  so  soon  as  generally  adopted  by  those  ordering  jiaints  for  the 
protection  of  ferric  structures  exposed  to  weather,  so  soon  will  the 
great  majority  of  these  patent  piiint  comix)unds  cease  to  vex  the 
engineer  with  high  claims  and  low  ))erformance. 

57.  The  nearer  any  protective  coating  approximates  an  enamel 
or  varnish,  generally  the  more  durable  it  will  be.  The  Japan  aud. 
Chinese  lacquers  are  varnishes,  and  dry  better  by  the  application 
of  water  than  in  dry  air  alone,  and  all  compounded  varnishes  are 
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hardened  in  the  last  stages  Of  their  drying  by  water.  Lacquers, 
when  thoroughly  dry,  remain  unchanged  for  scores  of  years, 
when  exposed  to  either  f  resn  or  salt  water,  hot  or  cold,  alternately 
wet  and  dry,  or  immersed.  The  coming  ferric  protective  coating 
will  probably  be  a  true  varnish  with  a  carbon  or  graphite  pig- 
ment. But  it  will  be  well  .to  bear  in  mind  that  it  will  not  be 
imperishable  in  exposed  locations,  and  that  its  application  and  the 
preparation  of  the  structure  to  receive  it  will  require  more  atten- 
tion than  at  the  present  time  these  matters  generally  receive, 
neither  will  it  be  a  low-cost  article. 

58.  Stress  Is  laid  by  many  engineers  and  master  painters  npon 
the  fact  that  the  use  of  raw  oil  in  a  paint  allows  it  to  be  applied 
to  a  surface  that  is  moist,  damp,  or  frosty,  with  better  results  than 
when  the  oil  is  boiled,  as  the  raw  oil,  having  more  or  less  water  in 
its  composition,  naturally  will  take  up  an  added  portion  which  is 
on  the  surface  being  coated  ;  hence  the  additional  moisture  is  of 
no  moment,  as  it  would  be  in  the  case  of  boiled  oil,  in  which  most 
of  the  moisture  has  been  expelled  in  the  process  of  boiling,  and 
when  so  expelled  and  cold  refuses  to  take  up  again  any  notice- 
able amount  of  water  wheii  a  pigment  is  present.  All  the  moist- 
ure in  any  paint  vehicle,  be  the  same  more  or  less  when  the  paint 
is  spread,  must  be  eliminated  by  evaporation  alone ;  not  an  atom 
of  it  enters  into  the  resinification  or  drying  of  the  coaling.  This 
evaporation  of  the  water,  whether  that  contained  naturally  in  the 
raw  oil  or  the  added  amount  striven  to  be  incorporated  with  it 
by  the  paint  brush,  in  the  process  of  drying,  nmst  escape  as  a 
vapor  of  more  or  less  tension ;  its  exit  through  the  vehicle,  be  the 
same  more  or  less  elastic,  as  aU  drying  vehicles  are, can  only  be  as 
a  vapor,  and  not  as  a  liquid,  in  drops  however  minute.  This  oat- 
ward  passage  of  vapor  leaves  the  menstruum  porous,  and  where 
moisture  can  pass  out,  moisture  can  go  in ;  there  is  nothing  in  the 
nature  of  a  [jorous  drying  menstruum  that  takes  the  function  of  a 
a  back-action  check  valve  to  keep  moisture  out.  If  the  coating 
has  hardened  externally  by  evaporation  or  resinification  before 
the  temperature  of  the  coated  body  is  raised  to  that  degree  to 
allow  the  vaporous  moisture  to  escape,  then  its  course  is  reversed, 
and  the  moisture  will  be  found  next  to  the  coated  surface,  whethSl* 
it  be  of  wood  or  iron  ;  the  coating  as  a  whole  is  pushed  up  and  a 
blister  formed,  which  in  the  case  of  a  ferric  bo<Iy  always  denotes 
the  first  step  towards  corrosion.  Again,  raw  linseed  oil  consists 
of  oleic,  margaric,  and  stearic  acids,  united  to  a  common  base, 
51 
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glycerine.  This  base  is  hygrometric,  and  unites  completely  with 
water  or  moisture  in  any  proportion  presented  to  it^  whether  from 
the  atmosphere  or  other  sources.  When  various  pigments,  sooh 
as  the  salts  of  lead  (lead  carbonate,  lead  hydrate,  etc.),  are  ground 
with  raw  oil,  these  salts  unite  chemically  with  the  oleic  add  to 
form  linoleate  of  lead.  As  a  consequence  of  these  decompositioiis 
in  linseed  and  other  siccative  oils,  the  margaric.and  stearic  acids 
(called  fatty  acids)  are  set  free,  likewise  the  base,  glycerine.  The 
fatty  acids  are  absorbed  by  the  linoleate  of  lead  (or  lead  soap) ; 
the  glycerine,  however,  does  not  unite  chemically  therewith,  but 
is  merely  suspended  in  the  soap  mass,  which,  as  it  gradually 
absorbs  oxygen  from  the  atmosphere,  hardens  into  a  skin,  and  as 
the  hardening  proceeds,  the  glycerine  is  gradually  expelled  from 
the  lead  soap,  and  with  its  load  of  moisture  will  be  found  under 
the  skin  of  drying  oil  or  paint  as  a  blister  loaded  with  the  oxygen 
necessary  to  establish  a  full-fledged  product  of  corrosion. 

59.  There  are  other  salts  of  lead  and  other  pigments  which 
absorb  a  great  portion  of  the  eliminated  glycerine,  but  not  aU  of 
it.  Red  lead,  however,  doen  ahsoy^h  it  all,  and  it  is  for  this  reason 
that  retl  lead  is  so  reliable  as  a  single-pigment  water-proof  coat- 
ing for  preventing  corrosion  under  ordinary  circumstances.  Iron 
oxide,  however,  only  partially  absorbs  the  glycerine,  though  in  a 
gallon  of  iron  oxide  paint  there  are  more  combined  oxygen  elements 
than  in  a  gallon  of  red  lead  paint.  It  is  the  uncombined  glycerine 
that  is  the  prime  cause  of  the  unreliable  character  of  a  paint  coat- 
ing  to  resist  moisture  and  consequent  decay  of  both  the  coating 
and  the  body  covered.  Varnish  menstruums,  though  carrying  the 
same  pigments  as  an  oil  paint,  are  more  reliable  coatings,  for  in 
them  the  glycerine  has  been  eliminated  in  the  process  of  manu- 
facture. It  is  the  presence  of  glycerine  in  a  raw-oil  paint  that 
renders  it  possible  to  mix  more  or  less  water  and  soapy  compounds 
with  it  as  vehicles,  and  it  is  the  function  of  a  drier  added  to  a 
paint,  to  combine  with  or  mechanically  absorb  the  glycerine,  so  that 
the  union  formed  between  the  fatty  acids  of  the  oil  and  pigment 
shall  harden  and  dry.  All  additions  to  a  paint  in  the  form  of 
free  or  bung-hole  driere  lessen  its  stability,  increase  the  chemical 
action  that  in  a  greater  or  less  degree  is  present  in  all  paints,  and 
generally  means  the  introduction  of  an  acid  element  not  at  all 
necessary  in  the  composition  of  any  paint  to  render  it  protective 
or  to  harden  it  when  spread. 

60.  The  use  of  boiled  oil  as  a  veliicle  simplifies  the  chain  of 
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operations  greatly  in  most  paints,  as  it  insures  the  absence  of 
many  substances  injurious  to  the  coating,  other  than  those  natural 
to  the  pigment.  Of  itself,  it  may  not  be  as  durable,  either  in  the 
form  of  an  oil-skin  coating  or  a  pigment  coating  in  place,  as  com- 
pared with  others  from  raw  oil,  that  have  time  to  dry  naturalhj, 
without  the  use  of  driers  (generally  three  weeks,  and  that  is  not 
always  possible  to  allow),  but  there  is  no  question  of  its  superior 
quality  as  a  menstruum  as  compared  to  the  ordinary  commercial 
raw  oils  (many  of  them  should  be  classed  as  unguents  instead  of 
oils),  loaded  with  driers,  many  of  which  are  of  tiie  most  unreliable 
character,  and  only  induce  in  the  drying  oil  a  chain  of  mechanical 
functions,  not  chemical  combinations,  that  ought  to  be  confined 
to  the  boiling  kettle. 

Linseed  Oil. 

61.  Linseed  oil  has  a  specilic  gravity  of  0.928  to  0.953.  The  oil 
from  an  average  sample  of  linseed  extracted  by  various  processes 
shows : 

Hot  Process,  Cold  Procesa. 

Carbon  . . .  .75.17?)  Carbon 78S 1  The  carboa  disulpbide 

Hydrogen.. lO.OSit}-  IOCS.  Hydroffan.-llSj-  lOOJ.  proptsH  gives  morn  oiy- 

Ox;g«n.  ...13.83^1  Oxyg^ ll?)  gen  and  less  carbon. 


nirresponds  to  the  formula :  jV''  u"'  q'  (Miilder. 


C,>.  11,..  O,  )  ^ 
"      H..,  O,  P 


It  is  anhydride  of  linoleic  acid,  CmHmO^  an  acid  peculiar  to 
all  siccative  or  natural  drying  oils,  and  when  fully  oxidized  by 
exposure  to  the  air,  forms  oxylinoleic  acid,  CiJImOb. 

llaxura  and  Bower  {Monatschr.,  vol.  1,  x.,  p.  +59)  found  that 
the  rate  of  oxidation  and  consequent  hardening  of  this  and  other 
siccative  oils  depended  on  the  ratio  of  linoleic  and  linolenio  acids 
present. 

Analysis  of  ripe  linseed  gives : 

Albuniinons  Subatances 34.44  por  cent.  1 

Ouiii,  Sugur,  and  fell aloso 34.00  per  con t.   i 

on ao.TU  per  cent.   V    100  per  cent. 

Ash 8.83  per  cBnl. 

Water 7-50  per  cflial.  J 

62.  Unri})e  seed,  or  seed  from  flax  raised  (or  the  libro  only  (the 
condition  from  which  most  of  the  commercial  oil  is  obtsunod), 
contains  nearly  10  per  cent,  of  water.  The  yield  of  oil  fi-om  the 
dJifi^rent  (.'lasses  uf  linseed  varies  only  from  23  to  SS  [ler  cent,  of 
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the  weight  of  the  dry  see^J.     Lir.see*!  yields  in  the  prooeaB  of  ex- 
tractin^r  the  oil.  viz. : 


C'^k!  Proc«i aoMt  dl>  p«r  eeat.  of  «il 

Ho:  Pr»>r«B 2T  per  ceni.  oC  oil 

C»rt»c  W.*alpii:d*  Process S3  per  ceai.  of  oil 

or  lo  lo  IS  poanda  of  oil  jier  bushel  of  ojmmercial  seed,  bv  the 
nifAt  improved  processes  of  extraction. 

63.  Ireland.  England.  Belgiam.  and  Central  Europe  raise  the 
best  flax  for  fabric  parposes ;  the  seeds  gathered  fnjin  these  sonreeB 
being  unripe,  furnish  poor.  thin,  watery  oil.  Russia  has  the  largest 
acreage  in  the  world  devoted  to  the  raising  of  flax  for  seed  par- 
poses,  anil  furnishes  about  one-sixth  of  the  world's  supply,  the 
yield  baring  about  eight  bushels  of  fifty-six  pounds  to  the  acre,  the 
fibre  being  of  minor  importance,  being  wo«jdy  and  subject  to  great 
waste  in  the  preparation  of  it  for  fabric  purposes.  Russian  aeed 
is  exported  to  other  countries  for  seed  purposes  as  well  as  for  its 
oil.  Large  quantities  of  hemp  is  sown  in  Russia  with  the  flax,  but 
as  this  furnishes  a  siccative  oil  its  presence  is  not  an  improper 
adulteration,  such  as  the  seeds  from  the  rape,  mustard,  colza  and 
many  other  plants  called  '*  flax  dodders,"  that  furnish  a  non-dfyimg 
oil.  The  adulteration  from  the  seeils  of  these  plants  is  so  widely 
practise'!  that  the  waste  product  of  the  oil  mill  in  the  form  of  oil- 
cake, formerly  a  valuable  cattle-food  pnxluct,  is  now  so  stronglj 
impregnated  with  the  biting  taste  of  the  mustani  and  other  acrid 
substances  that  cattle  refuse  to  eat  it.  and  it  is  chieflv  used  for  ftiel 
or  fertilizing  purposes. 

64.  The  American  linseed,  that  furnishes  20  million  gall<m% 
about  one-tenth  the  world's  supply  of  linseeil  oil.  is  also  stronglj 
adulterate^l  with  mustard  and  other  non-siccative  oil  seeds,  that 
render  the  oil-cake  almost  valueless  for  a  cattle  food,  besides  eoD- 
tributing  their  quota  of  green,  unripe  seeds  to  the  unripe  linseed 
oil  p^xjI. 

India  furnishes  about  one-eighth  of  the  world's  supply  of  lin- 
fKMiKl.  It  is  grr>wn  as  a  mixed  crop  for  the  seeil  only,  the  flax 
staple  being  of  inferior  quality  and  only  18  to  20  inches  long. 
The  climate  app^^ars  to  develop  the  oil-producing  qualities  of  the 
HT^^I,  it  yielding  a  larger  amount  of  oil  than  seeds  grown  in  a 
colder  climate,  though  the  colder  the  climate  the  better  the  oil. 
India  ^^hI  iH  mixed  with  colza  and  ra|X'-seetl.  both  furnishing  non- 
drying  oils  hard  to  separate  from  the  liiist^ed.     Uoth  un$  usod  fot 
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hrbricants,  burning,  and  in  the  manofactnTe  of  india-rablMr  com* 
pounds. 

65.  The  vegetable  siccative  oils  of  commercial  importance  are 
twenty  in  number,  the  principal  of  which  are  linseed,  poppy, 
hemp,  walnut,  sunflower,  grape,  Scotch  and  silver  fir,  and 
spruce.  The  specific  gravities  of  the  whole  number  (20)  range 
from  0.920S  to  0.9358,  varying  so  little  that  the  hydrometer  test 
is  of  little  moment  to  determine  their  character.  The  vegetable 
Bon-siocative  oils  of  commercial  importance  are  76  in  number,  the 
principal  ones  being  the  castor  (specific  gravity,  0.964),  olive,  and 
cottonseed  (specific  gravity,  0.9306,  almost  identical  with  linseed)^ 
resin,  almond,  beechnut,  horse  chestnut,  hazelnut,  peanut,  croton, 
sesame,  colza,  rape,  mustard,  with  specific  gravities  ranging 
from  0.913  to  0.942.  They  mix  thoroughly  with  each  other 
as  well  as  with  the  siccative  oils,  and  the  specific  gravity  of 
a  pure  linseed  oil  can  be  easily  counterfeited,  even  if  its  quality 
cannot  be.  Vegetable  oils  additional  to  the  above,  used  medici- 
nally and  for  soap,  burning,  and  food,  are  85  in  number. 

66.  Vegetable  oils,  volatile  and  essential,  number  134,  or  a  total 
of  293  non-drying  oils  available  for  the  purpose  of  adulteration. 
Add  80  animal  and  fish  oils  to  the  above,  and  it  may  be  con- 
jectured the  source  from  which  a  yearly  supply  from  the  whole 
world  of  250  million  gallons  of  linseed  oil  can  supply  a  demand 
for  about  400  milliou  gallons  of  paints,  varnish,  japans,  and  other 
uses,  including  the  wastes  of  raanufactftre. 

67.  If  the  fiax  is  raised  for  the  fibre,  the  seeds  do  not  mature  at 
the  same  time,  hence  they  furnish  a  thin,  watery  oil  with  a  greater 
quantity  of  the  albuminous  substances,  gum,  sugar,  and  cellulose 
called  "  mucosities,"  than  the  54.44  per  cent,  to  58.60  per  cent. 
found  in  ripe  seed.  Unripe  or  mildewed  linseed  is  no  more  capable 
of  furnishing  a  good  oil  than  a  green  apple  will  make  either  good 
cider  or  good  vinegar;  an  unripe  grape,  good  wine ;  or  grain  or 
corn  harvested  in  the  milk  will  make  good  bread ;  and  no  amount 
of  juggling  in  the  subsequent  manipulations  of  the  paint  manu- 
facturer can  replace  the  simple  operations  of  nature,  or  ripen  her 
unripe  products  or  produce  them  from  synthetical  compounds. 

68.  The  composition  and  properties  of  the  siccative  oils  have 
been  but  little  studied  since  Mr.  J.  Nelson  Neil  was  awarded  the 
Isis  Gold  Medal  of  the  Society  of  Arts  in  1832  for  a  paper  read 
before  that  society  on  '*()il  Boiling  and  Varnish  Making''  (pub- 
lished in  the  Transactions  of  the  Society^  vol.  xlix.,  part  2),  which 
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treats  so  exhaustive!}'  upoD  the  modes  of  manipulatioiiy  reoipes,  and 
precautions  to  be  used,  that  tlie  pajx^r  is  the  foundation  for  all 
subsequent  accounts  and  modes  of  manufacturing  varnishes.  The 
additions  and  modifications  which  have  been  worked  oat  since 
that  time  have  not  materially  altered  the  processes  of  Mr.  Neil, 
either  in  the  betterment  of  the  quality  of  the  varnish  or  the  oil 
product,  but  relate  more  particularly  to  a  shorter  time  and  possi- 
bly less  cost  of  manufacture  than  given  by  Mr.  Neil,  which  com- 
prised the  application  of  direct  fire  to  the  kettles  instead  of  the 
steam-jacket  kettles  and  devices  used  by  later  experimenters  and 
manufacturers. 

60.  These  cxj^riments  of  ilr.  Xeil  were  followed  by  the  ex- 
periments of  Mr.  ]\r.  E.  Chcvreul,  who  contributed  a  paper  in 
1S56  to  the  Ayinaha  de  Chime^  corroborating  Mr.  NeiPs  deduc- 
tions upon  the  drying  of  siccative  oils,  and  by  him  clearly  laid 
down,  viz. : 

Fii'st :  That  it  is  the  absorption  of  oxygen  by  the  siccative  oils 
and  the  change  of  the  oleic,  margaric,  and  stearic  acids  of  which 
they  are  composed,  and  the  cljcmical  combination  with  each  other 
in  the  presence  of  oxygen  into  the  linoleic  and  linolenic  acidsi 
that  is  the  cause  of  their  solidification,  wliich  term  he  thinks  more 
clearly  defines  the  action  of  the  oil  than  drying,  which  in  general 
may  mean  evaporation,  which  is  a  term  adaptable  to  all  liquid 
bodies,  or  rather  indicates  the  removal  of  liquid  from  all  bodies. 
This  definition  ap})ears  tcT  be  apropos  to  many  of  the  latter-day 
cheap  mixtures  called  paints;  the  difiiculty  experienced  with 
some  of  which  is  not  to  have  them  dry  in  a  reasonable  time,  but 
to  have  them  keep  liquid  long  enough  to  spread  them  at  all. 

Second  :  That  the  oxidation  of  the  oil  is  a  chemicul  process  and 
naturally  inherent  in  itself.  The  action  of  heat,  iis  in  boiling, 
hastens  the  drying  or  resinilication  of  the  oil  by  removing  the 
water  and  mucosities.  That  all  substances  which  can  be  used  as 
Jriei's  must  he  such  as  are  capable  of  par'ting  with  oxygen  or 
dissolving  in  it;  and  being  of  tliemselves  oxidizable  in  combina- 
tion, they  in  that  way  increase  its  absorptive  power.  There  is  a 
class  of  driers  (white  copjwras,  for  instance)  which  act  while 
mechanically  suspended  or  in  contact  with  the  oil,  and  increase 
its  oxygen  absorjUivo  powt*r  by  ilieir  presence,  but  leave  no  in- 
crease of  drying  iK)wer  wIrmi  wiihdi'awn. 

Tn.  The  substances  lliat  act  catalytically  part  WMth  some  of 
their  oxygen  in  tlie  oil,  ami  Im'cohh*  to  a  certain  extent  deoxidized, 
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and  again  coming  into  contact  with  the  air,  either  mechanically 
blown  through  the  combined  mass  of  oil  and  driers,  or  by  surface 
exposure  in  the  settling  tank  or  barrel,  recover  their  primal  con- 
dition, and  are  ready  to  do  the  same  work  over  again.  It  is  the 
necessity  for  the  reoxidation  of  the  driers  that  causes  the  general 
adoption  of  the  air  agitation  and  steam  processes  now  in  general 
use  for  the  boiling  of  oil  and  manufacture  of  varnishes,  etc. 
These  driers,  without  becoming  in  any  way  altered,  induce  an 
alteration  in  the  linseed  oil  subjected  to  their  operation.  We 
may  imagine  this  action  as  similar  to  that  by  which  spongy 
platinum  explodes  a  mixture  of  oxygen  and  hydrogen,  or  a  plati- 
num wire  is  kept  red  hot  by  the  vapor  of  ether. 

71.  Prof.  Chas.  W.  Vincent's  experiments  in  1859  were  upon 
the  line  of  boiling  oil  without  the  presence  of  driers,  and  that  a 
high  temperature  was  not  necessary.  The  temperature  used  by 
Mr.  Vincent  was  that  due  to  steam  at  forty  pounds  per  square 
inch,  267°  Fahr.,  used  in  a  steam-jacketed  kettle  in  connection 
with  mechanical  agitation  by  revolving  blades  and  a  current  of 
compressed  air  moderately  heated  by  the  act  of  compression. 
This  process  is  that  in  general  use  at  present  in  the  manufacture 
of  linoleum,  and  it  is  believed  that  the  Germans  practised  this 
method  many  years  preceding  1859.  Professor  Vincent's  con- 
clusions, drawn  from  experiment,  were  that  air  blown  through 
the  mass  of  heated  oil  is  not  as  important  a  part  of  the  process  as 
many  have  assigned  to  it,  and  in  reality  eflfects  nothing  towards 
making  the  oil  a  drying  one.  He  boiled  linseed  oil  with  air 
alone,  hut  without  driers^  for  three  days  consecutively,  keeping 
up  a  high  temperature  the  whole  time,  and  the  resultant  boiled 
oil  required  precisely  the  same  time  to  dry  as  the  raw  oil  from 
which  it  was  prepared.  The  body,  however,  had  become  so 
much  increased  that  its  consistency  was  more  that  of  a  varnish 
than  an  oil.  In  the  oil  subjected  to  the  heat  alone  for  the  same 
time,  without  any  air,  except  such  as  came  to  it  in  contact  wi*^^^ 
its  surface  in  the  kettle,  there  was  no  such  increase  in  its  con^ 
sistency  as  in  the  former  case ;  the  oil  simply  became  more 
greasy,  had  less  difficulty  in  penetrating  the  capillary  tubes  of 
paper,  plaster,  etc.,  than  it  previously  had,  and  had  decidedly 
less  drying  power.  The  oil  that  had  been  boiled  with  the  air 
blast  was  less  greasy  and  had  a  greater  consistency.  Briefly, 
the  surface  exposure  to  the  air  and  the  heat  secured  a  sufficient 
amount  of  body.     The  driers  pi'oduced  any  required  shade  of 
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color  in  the  oil.  and  reduced  the  time  of  drring  from  tima  ftfll 
four  days,  for  the  raw  oil.  to  six  hours  in  the  snmnier  and  ^igM 
hours  in  the  winter  for  the  boile^l.  Boiled  oil  that  is  sobjBflt  to 
lonjr  voyai.^'S  at  sea  is  apt  to  become  fatty  and  not  free  woildiiig: 
This  is  due  to  the  agitation  it  gets  from  the  motion  of  the  alrip 
while  it  is  under  the  incr».*ase  of  temperature  due  to  the  hcid  or 
curi^tj  sfiace  in  the  ship.  Ijeing.  in  fact,  a  long-continued  low 
tenifjerature  and  agitation  process  of  boiling.  The  mannfaetiifer 
guarrls  against  this  result  b\'  adding  to  boiled  oil  for  shipment  hj 
ti4:ii  a)x>nt  one-fourth  its  volume  of  raw  oil.  the  oil  beoonung 
brighter  in  consequence  of  the  addition.  ProfesBW  Yineeilt's 
st^^tm  kettle  process  of  Ixiiling  gives  an  oil  of  a  lighter  shade 
than  the  dirfxrt  fire  or  high  temperature  process.  In  hoth  pro- 
cesses acrylic  acid  «'r\n/>,».  a  monobasic  acid  very  soloUe  hi 
water,  is  pro«luc«.'<l.  It  is  oxidizeil  from  acrolein  (C,H.O),  tile 
vapors  of  wliich  escaping  during  the  process  of  boiling  are  veiy 
irritatinff  to  inhale,  and  are  hi^i^hlv  corrosive  to  ferric  bodies.  Itt 
presence  is  |M/ssibly  due  to  the  decomposition  of  the  inaoositieB  ia 
the  raw  oil  under  the  influence  of  the  heat,  and  onlv  indioatei 
tlie  slower  (iecompr>sition  of  these  substances  in  a  raw-oil  vdiiele 
for  a  paint :  the  slower  process  of  solidification  of  the  raw  oil 
enclosing  them,  as  it  were,  in  a  film  of  the  vehicle,  to  derelc^  later 
into  a  destructive  agent  of  the  paint.  The  removal  of  theee  mo- 
cosities  is  absolutelv  necessarv  in  the  manufacture  of  linolenifl, 
baking  Japans,  and  varnish ;  and  if  detrimental  there,  it  miM 
necessjirily  f<>llow  that  they  are  equally  so  in  a  paint. 

I'J.  Professor  Sacc's  experiments  in  brief  were  2,500  g^ins  at 
oil  boilfHl  for  10  minutes  only,  with  30  grains  each  of  lithai^je 
and  rml  h»a(l,  and  weighed  after  24:  hours'  exposure  to  the 
atmosphere,  the  oil  ha<l  lost  only  M  grains.  This  sample  in- 
creased 2o  |x?r  cent,  in  weight  after  complete  resinification.  A 
.s<jcond  sample,  boiled  until  th<?re  was  a  loss  of  5  per  cent,  in 
w^'iglit  of  the  oil,  the  product  assumed  a  molasses  consistency, 
and  did  not  rf?sinify  after  ir>  days'  exposure  to  the  atmo^ 
pli<;r<'.  A  third  sample,  boiled  to  a  loss  of  12  per  cent.,  becaflie 
a  caoutchouc-like  mass  that  the  atmosphere  had  no  effect  upon 
whatev(jr.  It  was  insoluble  in  alcohol,  ether,-  chloroform,  and 
l)isulplii<h)  of  earbon  :  boiling  naphtha  only  dissolved  traces  of  it. 
The  only  a(;tion  wlii<'l)  dilute  acids  had  n^nm  it  was  to  extnstii  d 
siiiiill  (juanlity  of  th<*  (»xi(lc  of  lead  due  to  the  driers.  In-prop^ 
eriy  prepared  vai'nishes  and  paints  from  pure  linseed  oil,  the  giil 
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in  weight  after  thoroughly  dry  is  from  8  to  10  per  cent  of  the 
vehicle,  and  it  is  heavier  than  water.  Any  paint  that  does  not 
show  a  marked  increase  in  weight  in  drying  can  be  set  down  as 
having  but  very  little  siccative  oil  in  its  composition,  and  is  one 
of 'the  hundreds  of  bastard  compounds  that  masquerade  under 
the  guise  of  paint,  with  more  resin,  fish  and  hydrocarbon  sub- 
stances in  its  vehicle  than  linseed  or  other  siccative  oils,  and 
whose  drying  power  or  evaporation  is  principally  expressed  in 
the  amount  of  benzine  it  can  carry  and  still  keep  the  pigments 
(good  or  poor)  afloat. 

73.  The  sulphuric  acid  process  of  boiling  oil  has  been  adopted 
with  some  modifications  and  additions  by  a  number  of  manu- 
facturers. It  furnishes  an  oil  of  light  color  which,  it  is  claimed, 
dries  well  and  rapidly,  and  mixes  with  all  pigments  without 
leading  to  any  discoloration ;  whites  retain  their  purity  of  tone 
unchanged.  But  with  all  these  points  in  its  favor,  the  process 
cannot  be  recommended  for  the  preparation  of  a  vehicle  to  be 
used  for  a  ferric  protective  coating.  Briefly,  the  oil  is  first 
treated  with  a  dilute  sulphuric  acid  bath  (containing  about  80 
per  cent,  of  sulphuric  acid),  which  is  agitated  with  the  oil 
by  the  air  blast  to  dehydrate  it,  but  is  said  to  be  not  strong 
enough  to  carbonize  it.  After  standing  to  allow  the  oil  and  acid 
to  separate,  the  oil  is  run  off  into  the  usual  steam-jacketed  kettle 
heated  to  about  260  degrees  Fahr.,  air  is  blown  through  the  mass, 
while  a  solution  of  manganese  linoleate  in  some  hydrocarbon 
spirit  (probably  benzine)  is  added  gradually  during  the  process  of 
heating  and  blowing.  Cautionary  care  is  required  not  to  add  too 
much  of  this  material.  It  is  the  writer's  opinion  that  this  caution 
should  extend  to  the  point  of  not  adding  any  manganese  asso- 
ciated with  any  hydrocarbon  vehicle  to  the  oil,  and  that  prohibi- 
tion should  extend  to  the  use  of  any  sulphuric,  nitric,  or  other 
caustic  acid  of  any  strength  to  the  oil  in  its  preliminary  stage. 
It  is  almost  impossible  to  clear  an  oil  of  either  high  or  low  specific 
gravity,  of  any  acid  of  whatever  strength  of  solution  to  which  it 
may  be  exposed.  More  or  less  of  the  clarifying  acid  will  be  held 
in  the  oil  either  free  or  in  combination  with  the  water  in  the  oil, 
that  even  a  long  washing  with  water,  aided  by  an  air  blast  agita- 
tion, will  not  remove.  Kerosene,  naphtha,  gasolene,  etc.,  are  puri- 
fied by  treating  with  sulphuric  acid  and  then  thoroughly  washed 
with  water  and  a  long  agitation  by  the  air  blast,  and  are  then 
often  found  to  contain  acid  enough  to  perforate  the  tin  cases  in 
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which  they  are  shipped.  The  slight  improvement  in  the  color  of 
the  boiled  oil  by  this  process  is  a  very  poor  recommendation  for 
its  use.  The  same  results  are  obtainable  by  the  ordinaiy  steam 
kettle  process,  using  well-known  mineral  substances ;  for  instance, 
the  zinc  and  manganese  salts  will  remove  or  throw  down  the 
mucosities,  clear  the  oil  to  any  desired  shade,  and  cause  it  to  diy 
promptly,  while  the  water  in  the  oil  will  be  evaporated  natorally 
by  the  heat,  <and  the  dangers  of  the  sulphur  element  avoided. 

74.  A  series  of  interesting  experiments  upon  the  action  of  vari- 
ous mineral  and  meUillic  substances  called  ^'  driers,"  npon  boiled 
linseed  oil,  to  determine  the  effect  of  the  same  on  the  color  of 
the  oil  and  time  of  drying  alone,  were  made  by  Mr.  Frank  H. 
Thorp,  S.B.,  published  in  the  Journal  of  Chemical  Indudryj  voL 
ix.,  p.  628,  also  in  the  ASdejitljic  American  Supplement,  Na  767, 
vol.  XXX.,  July  5, 1800.  The  details  of  the  experiments  are  too 
long  to  include  here,  but  the  following  results  are  probaUj  as 
trustworthy  as  those  noted  by  earlier  experimenters.  The 
oil  experimental  upon  was  in  every  case  from  the  same  barrel, 
and  was  a  very  light  coloreil,  cold-pressed  Calcutta  raw  linseed 
oil,  specific  gravity  0.03 — 50  c.c.  weighing  45.7  gramoMS.  The 
several  samples  were  treated  in  glass  beakers  arranged  in  a  sand 
btith  under  temperatures  from  200  degrees  Fahr.  to  300  degrees 
Fahr.  In  general,  the  temperatures  from  230  degrees  Fahr.  to 
275  degrees  Fahr.  gave  the  best  results.  The  weight  of  oil  nnder 
test  was  in  each  case  the  same,  45.7  gnimmes.  The  time  of  aotoal 
boiling  was  from  1^  to  2^  hours,  and  the  percentages  of  driers 
varied  from  less  than  1  ])cr  cent,  to  2  per  cent,  by  weight  of  the 
oil  treated.  Litharge  furnished  an  almost  colorless  oil  of  firm 
film,  drying  in  from  6  to  10  hours.  Lead  carbonate,  lead  acetate^ 
lead  borate,  each  furnished  slightly  colored  oils  with  good  films, 
drying  in  the  onler  named,  in  10,  12,  and  20  hours.  Red  lead, 
lead  chloride,  lead  tartrate,  furnisheil  dark  colored  oils  of  good 
films,  drying  in  from  20  to  24  hours.  Red  lead  and  litharge,  8 
|x?r  cent,  of  each,  also  the  oth<*r  lead  salts  mentioned,  with  larger 
percentages  than  two  of  (»ach.  gave  dark  colored  oils,  all  with 
firm  films,  drvinof  in  about  24  hours. 

75.  ()i  the  lead  driers,  litharge  gave  the  best  results  both  in 
color,  film,  and  drying  qualities.  Care  was  necessary  in  the  use 
of  this  drier  to  not  overheat  the  oil,  thus  deepening  its  oolor. 
The  zinc  salts,  the  acetate,  borate,  citrate,  oxide,  and  snlphate^ 
furnished  nearly  colorless  or  slightly  colored  oils  with  fairly  good 
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films,  but  their  timo  of  drying  was  from  36  to  46  hours.  Larger 
amonnts  of  these  driers  than  3  per  cent,  shortened  the  time  of 
drying,  and  darkened  the  color  of  the  oils,  but  they  did  not  clarify 
satisfactorily. 

76,  The  acetate  and  borate  are  the  best  of  the  zinc  salt  driers, 
but  none  of  them  act  catalytically  upon  the  oil  as  the  lead  and 
manganese  driers  do,  but  act  mechanically  or  only  while  present 
(like  white  copperas),  to  throw  down  some  of  the  raucosities,  but 
do  not  cast  them  all  out  or  set  up  the  combination  changes  neces- 
cessary  to  form  the  linoleic  coraimunds  required  in  a  good  drying 
oil.  The  manganese  salts,  viz.,  the  acetate,  borate,  sulphate,  oxa- 
late, and  tartrate,  all  gave  colorless  oils,  drying  with  good  firm 
films  in  from  20  to  36  and  40  hours.  The  citrate  and  foimate 
gave  slightly  darker  colored  oils,  drying  in  about  24  hours  with 
good  firm  films.  The  manganese  borate,  with  quantities  varying 
from  1  to  3  |ier  cent,  of  the  oil  and  with  temperatures  of  920  de- 
grees Fahr.  to  230  degrees  Fahr.,  gave  the  b^t  colored  and  dry- 
ing oils  obtained  in  the  whole  line  of  experiments.  The  other 
manganese  salts  with  larger  than  1  per  cent,  of  driers,  with  tem- 
peratures from  250  degrees  Fahr.  to  300  degrees  Fahr.,  gave  col- 
ored oils  of  unsatisfactory  drying  power,  some  of  the  samples  be- 
ing tarred.  No  definite  conclusion  can  be  drawn  from  Mr. 
Thorp's  experiments  as  to  the  relation  between  the  quantity  of 
driers  dissolved  in  the  oil,  and  the  time  of  drying  of  the  oil.  The 
action  of  the  several  classes  of  driers,  as  well  as  the  various  mem- 
bers of  them,  was  erratic,  and  the  drying  result  appeared  to  be 
governed  quite  as  much  by  tlie  temperature  of  the  bath,  time  of 
boiling,  and  agitation  of  the  oil  during  boiling,  as  by  the  chemical 
employed.  One  per  cent,  by  weight  of  litharge  and  the  leaA 
driers,  and  two-tenths  of  1  per  cent,  of  the  manganese  salts,  were 
all  that  were  requiretl  to  give  gooti  bright  colored  oils  of  good 
drying  qualities  with  firm  films,  and  not  all  of  these  amounts  of 
driers  were  taken  up  by  the  oil,  but  some  was  recovered  in  the 
residuum. 

77.  Of  the  many  substitutes  for  linseed  oil  neither  space  nor 
patience  can  be  given  to  note  them.  They  are  numberetl  by  the 
hundreds  in  the  Patent  Office  records,  and  outside  in  the  formulas 
of  the  many  paint  compounders  of  the  day,  and  are  as  uncertain 
and  indefinite  in  character  as  the  pigments  which  are  assembled 
with  them  untler  the  gnise  of  paints.  Linseed  or  other  siccative 
oils  of  low  commercial  qualities,  and  in  small  quantities,  are  mixed 
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with  one  or  more  of  the  score  of  flax  dodders  or  baffiiiQ%  reaiB, 
fish,  burning,  and  soap-fat  oils,  india  rubber,  and  other  impme  aqb- 
stances,  liberally  dashed  with  benzine  of  high  or  low  degree  and 
braced  up  with  a  bung-hole  boil  of  umber  or  other  cheap  driera^ 
and  then  presented  to  the  supply  agent  and  public  as  pore  linseed 
oil  at  a  price  below  the  regular  market  quotations  of  linseed  oil 
from  responsible  business  firms.  The  purchasing  agent,  as  well 
as  most  of  the  master  painters  (except  in  a  few  cases),  have  not 
the  laboratory,  chemical  apparatus,  or  technical  knowledge  to 
detect  the  fraud  ;  the  results  only  being  made  patent  by  the  slow 
gnawing  of  the  tooth  of  time,  and  at  a  period  when  it  is  too  late 
to  remedy  except  by  the  scraper,  burning  torch,  and  a  new  coat- 
ing that  may  or  may  not  be  better  than  the  one  that  it  replaces. 

78.  Probably  TO  per  cent,  of  all  the  oils,  paints,  and  varnishes  man- 
ufactured in  the  world  is  applied  to  structures  of  minor  importance^ 
and  which  are  destroyed  in  the  course  of  time  by  other  causes 
than  corrosion.  The  coating  of  these  structures  is  generally  more 
a  question  of  looks  than  physical  condition,  but  the  other  30  per 
cent,  is  used  upon  the  largest,  most  costly,  and  important  engi- 
neering structures  created  by  man,  urged  on  by  the  strong  spur 
of  competition,  honor,  and  hope  of  gain.  These  require  suitiDble 
protection  from  corrosion  from  the  very  hour  the  materials  leave 
the  rolling  mill,  foundry,  or  forge  until  they  are  in  the  finished 
structure,  and  need  more  then  than  during  construction.  The 
most  casual  ins^jection  of  the  ferric  structures  that  line  our  rail- 
wnvs  and  are  counted  bv  hundreds  in  the  various  cities  of  the 
country  will  show  that  they  have  not  thus  far  received  the  in- 
telligent treatment  their  importance  or  life  demands. 

Decay  of  Paint. 

TO.  A  coating  of  paint  may  ap(>ear  to  be  a  very  simple  thing, 
as  it  is  when  applied  to  a  house  or  barn  and  both  left  to  their 
fate;  but  when  applieil  to  an  important  engineering  structure, 
with  all  the  vicissitudes  of  service  in  the  extremes  of  heat  and 
cold,  sunshine  and  storm,  atmospheric  and  other  gases  from 
natural  or  manufacturing  sources,  from  corrosive  liquids  and 
solids,  it  is  a  different  matter,  and  requires  moi*e  engineering  skill 
to  devise  it,  more  chemiciil  knowledge  to  com]K)und,  and  technical 
details  to  get  the  right  thin<^  in  the  right  place  at  the  right  time 
in  the  right  manner  and  in  the  right  amount,  than  the  general  run 
of  master  painters  can  or  do  ^ive  to  the  subject.   If  the  influences 
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to  whioh-a.  coating  of  p«ant  is  to  be  subjeoted  are  knowo,  it  can 
generally  be  determined  in  advance  whether  it  will  be  durable. 
For  instance,  zinc  white  or  oxide  (ZnO,  specific  gravity,  5.42) 
applied  as  an  external  coating  absorbs  carbonic  acid  from  the  air 
and  some  moisture,  changing  to  a  carbonate  of  zinc  (ZnCOi, 
specific  gravity,  4.44).  During  this  change  there  is  an  increase  in 
volume  from  14.9,  as  an  oxide,  to  28.1  as  a  carbonate.  This 
change  from  an  oxide  to  a  carbonate  is  a  chemical  one  and  occurs 
during  the  process  of  drying,  but  the  change  in  the  volume  of  the 
two  substances  exerts  a  mechanical  action  also  in  the  atoms  of 
the  pigment  to  not  only  disrupt  them  and  leave  them  loose  and 
easily  carried  away  by  the  wind,  rain,  etc.,  but  cracks  and 
loosens  the  oil  menstruum  in  which  the  pigment  is  embodied,  as 
well  as  its  bond  to  whatever  surface  over  which  it  is  spread.  But 
if  the  zinc  oxide  coating  is  applied  in  a  closed  room,  though  the 
air  contains  the  same  amount  of  carbonic  acid,  or  even  mcH^  than 
the  external  air,  the  oxide  does  not  change  to  a  carbonate,  as  the 
necessary  moisture  is  lacking,  hence  zinc  oxide  for  internid  coat- 
ings is  durable,  but  for  outside  coatings  is  perishable. 

80.  Red  lead  (Pb804,  specific  gravity,  9.07)  remains  unch^iQged 
under  ordinary  atmospheric  conditions,  but  if  the  air  contains 
hydric  sulphide,  as  it  does  in  many  manufacturing  establishments 
and  towns,  to  a  notable  extent  it  will,  by  inexorable  chemical  laws, 
change  the  oxide  to  a  sulphide  of  lead  (PbS,  specific  gravity,  7.13), 
and  this  chemical  change  (usually  denoted  by  the  blackening  or 
discoloration  of  the  coat)  will  also  be  accompanied  by  an  increase 
in  volume  of  the  sulphide  of  about  33  per  cent.,  this  increase  act- 
ing mechanically  to  disturb  the  bond  between  the  pigment  men- 
struum and  surface  coated. 

81.  The  addition  of  carbonate  of  lime  (chaJk)  to  an  iron  oxide 
pigment,  whether  made  from  the  natural  iron  ore,  or  from  cal- 
cined copperas  (FeS0471l20),  to  neutralize  the  sulphuric  acid 
developed  in  the  calcination  of  the  copperas  or  roasting  of  the 
natural  ore  (as  heretofore  noted),  is  another  instance  in  which  an 
inexorable  chemical  change  in  one  of  the  pigment's  loose  sub- 
stances is  accompanied  by  a  change  in  its  specific  gravity,  its. 
corresponding  change  in  volume,  and  a  mechanical  action  to  re- 
inforce the  chemical  action  due  to  the  raw  oil  vehicle  loaded  with 
its  charge  of  driers,  whose  function  is  to  either  decompose  or  con- 
sume by  a  slow  combustion  the  mucosities  in  the  oil  while  at- 
tempting to  dry.     All  these  instances  are  similar  in  effect  to  what 
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would  occur  in  the  plastered  wall  of  a  building  if  the  mortar  naed 
in  it,  when  ]xirtially  dry,  should  begin  to  increase  in  volame  to 
the  amounts  as  given  above.  Other  instances  could  be  cited,  bat 
these  show  that  the  pigments  of  the  coating  can  be  so  ohosen  aa  to 
preclude  the  destruction  by  them  of  the  coating,  bat  that,  ife  is 
almost  impossible  to  guard  the  menstruum  from  the  injarioaa  in- 
fluences inherent  in  the  comi)osition  of  the  pigment,  tlait  k 
changed  in  character  after  its  application  by  inexorable  chemioal 
laws.  Hence  the  absolute  necessity  that  an  order  for  a  proteotiTe 
paint  should  include  the  conditions  it  is  to  be  subjected  to  in  naa 

82.  In  addition  to  the  preceding  remarks  upon  iron  oxide, 
graphite,  and  other  paints,  and  the  several  tests  given  in  detail  of 
a  few  of  the  many  paint  com])ounds  of  the  day,  it  may  be  noted, 
viz. :  All  pigments  can  be  grouj>ed  into  three  classes  according  to 
their  alKnitv  for  linseed  oil. 

First.  Those  that  form  chemical  combinations  called  soaps  and 
are  generally  the  most  durable.  They  consist  of  lead,  zinc,  and 
iron  bases,  oi  which  rod  lead  combines  with  the  oil  to  the  greats 
est  extent ;  next,  the  pure  carbonate  white  lead  made  by  the 
Dutch  process,  followed  by  zinc  oxide  and  iron  oxide,  turkey 
umber,  yellow  ochre  ;  also,  faintly,  the  chromates  of  lead,  chrome 
green,  and  chrome  vellow. 

Seeojul.  J^igmonts  of  tliis  class,  being  neutral,  have  no  chem- 
ical alHnity  for  the  oil ;  they  need  large  amounts  of  driers,  either 
combined  with  and  carricnl  by  the  oil,  or  as  free  driers.  *  They 
include  all  blacks,  graphites,  slates,  slags,  vennilions,  Pmsaian, 
Paris,  and  ( -hinese  blues,  terra  de  Sienna,  Vandyke  brown,  Paris 
green,  verdigris,  ultramarine,  carmine,  land  madder  lakes.  The 
last  s(»von  ai'c  transpai'ent  coloi's,  and  are  better  adapted  for 
varnish  mixtures  and  ^rlazinof. 

TliinJ.  Pigments  of  this  class  act  destructively  to  linseed  oiL 
Tliov  have  an  acid  ])as(^  fmostlv  tin  salt,  hvdrochloride  of  tin  and 
red  wood  dye)  which  fonus,  with  the  albuminous  and  gelatinoos 
matters  in  the  oil,  a  jelly-like  compi^und  that  does  not  work  well 
under  the  brush  nor  harilon  sufficiently,  and  cjin  be  used  in  a 
varnish  for  <«:la/in<r  onlv.  Amon^:  the  most  troublesome  are  the 
low(»r  grades  of  so-called  cannines,  madder  lakes,  rose  pinks,  etc., 
which  contain  more  nr  loss  acidulous  dves,  forminof  with  linstod 
oil  a  soft  ])aint,  that  <lri<s  on  the  surface  only  and  can  be  peeled 
off  like  the  skin  of  a  ri]M*  ptMch. 

S;^».  Catalysis,  a  t<'nii  intro<luc(»d  by  Herzelius,  and  by  him  ap- 
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plieci  to  tlie  changes  that  sugar  solutiooB  undergo  in  the  process 
of  fermentation,  is  now  use<l  to  denote  the  changes  that  certain 
substances  by  their  mere  presence  effect  in  other  bodies  without 
themselves  undergoing  any  apparent  change.  Catalytic  action  is 
a  potential  agent  in  the  decay  of  paint  coatings,  and  manifestly 
has  not  received  the  attention  from  paint  chemists  and  com- 
pounders that  its  marked  action  on  the  life  of  a  coating  warrants. 
The  present  efficiency  of  the  incandescent  gaslight  is  wholly  due 
to  catalytic  action  between  the  substances  that  compose  the  mantle 
when  excited  by  the  combustion  of  the  gas.  In  the  develop- 
ment of  this  light  all  of  the  rare  mineral  oxides  and  metals  and 
the  oxides  of  the  baser  metals,  chromium,  alumina,  cobalt,  man- 
ganese, nickel,  and  iron,  when  associated  with  thoria  in  the  mantle, 
have  been  found  to  act  as  catalytic  agents  to  carry,  condense,  or 
absorb  oxygen,  that  increases  the  flame  temperature  of  the  mantle 
and  consequently  increases  the  light.  This  flame  temperature 
in  some  cases  reaches  the  point  where  volatilization  of  some  of 
the  baser  metals  and  oxides  ensues.  Charcoal,  powdered  glass, 
porcelain,  fluor  spar,  crystallized  quartz,  pumice  stone,  and  other 
kindred  substances  are  also  found  to  act  as  catalytic  agents  in 
combustion,  but  do  not  develop  so  high  a  flame  temperature  in 
the  mantle  as  the  other  substances  above  noted. 

Si.  Combustion  of  any  substance  may  be  quick  and  attended 
by  a  high  temperature,  as  in  the  case  of  the  incandescent  gas- 
light, or  it  may  be  of  low  temperature  and  extend  over  yeara  of 
time,  but  the  amount  of  heat  evolved  from  the  destruction  of  the 
substance,  and  the  resultant  products  of  combustion,  or  decomjw- 
sition,  are  the  same  tn  all  cases,  even  if  the  physical  effects  are 
apparently  different, 

85.  Nearly  every  substance  in  a  paint  coating  has  been  found 
to  be  catalytic  to  some  other  substance,  either  in  its  own  class  as  a 
so-called  inert  mineral  pigment,  or  in  the  chemical  class  of  oxides 
having  a  lead,  zinc,  iron,  or  other  metallic  base.  Individually,  they 
may  be  apparently  unaffected  by  long  exposure  to  the  air  while  in 
their  loose  state  op  in  packages  or  bulk ;  but  when  mixed  together, 
they  take  up  moisture  or  oxygen  to  a  greater  or  less  degree,  either 
by  absorption  in  mass  or  by  condensation  upon  their  surfaces,  and 
catalytic  action  ensues.  The  oil  menstruum  and  driers  are  catalytic 
of  themselves,  and  when  mixe<i  with  the  pigments  act  more  ener- 
getically as  carriers  of  oxygen  even  when  the  coating  is  apparently 
dry.    In  all  pigments  and  menstruums,  the  one  that  is  the  most  re- 
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f Factory,  or  that  is  the  most  resistant  to  oxidation  ii|  whatever  fona 
the  oxygen  may  be  presented,  is  the  one  that  acts  the  part  of  the 
thoria  in  the  gaslight  mantle,  becoming  the  negative  or  iKNft>ooii- 
sumable  substance  that,  though  excited  to  a  greater  aotiFity  bj  the 
presence  of  the  other  substances  in  the  paint  componnd,  retains  itB 
resistance  to  a  change  the  longest  at  the  expense  of  the  other 
associated  substances.  Thus  far,  lampblack  and  graphite^  in  their 
subdivided  form  as  pigments,  appear  to  be  the  only  sabstanoee  not 
subject  to  catalytic  action,  or  if  it  is  present  it  is  so  weak  that  the 
life  of  the  coating  is  not  materially  affected  from  this  oanae. 

Painttfhff  at  (he  Mill. 

86.  Many  engineers  are  advocating  the  plan  of  having  a  coating 
of  protecting  compound  applied  to  iron  or  steel  at  the  rolling  loill 
as  soon  as  possible  after  it  has  left  the  rolls  or  hammer,  and  w^ile 
the  material  is  hot.  The  Iiot  part  of  this  plan  is  the  only  part  to 
commend.  All  material  from  the  forge  or  rolling  mill  has  a  toqgh| 
thick  or  thin  (as  the  case  may  be)  coat  of  loose  or  partly  loose  scale, 
that  adheres  closely  for  the  time  being,  but  on  a  short  exposure  to 
the  air  with  a  few  changes  of  temperature,  due  to  the  mill  or  store- 
house conditions,  releases  its  tension  and  is  ready  to  fall  off  wbeB^ 
ever  roughly  handled,  as  in  the  course  of  loading  and  transportation. 
No  amount  of  brushing  which  any  rolling-mill  employee  would  or 
could  give  to  the  material  in  its  hot  or  half-cold  condition  would 
remove  this  scale,  and  if  the  painter  were  present  with  his  pot  of 
paint,  it  would  get  on  over  scales  and  all,  and  no  inspector  could 
prevent  it.  The  quality  of  this  paint,  even  if  rightly  applied,  would 
always  be  in  question,  and  no  contmctor  could  be  in  any  way  sore 
that  the  contract  requirements  had  been  complied  with,  either  in 
the  removal  of  the  scale  or  the  composition  of  the  paint.  All  the 
machining  operations  are  accompanied  by  more  or  less  luhrioation 
of  the  tool,  and  the  oil  used  is  invariably  the  cheapest  to  be  had  for 
that  purpose,  and  has  in  general  been  used  over  and  over  again,  is 
dirty  and  sour,  and  moi'e  or  less  decomposed,  and  carries  enoQgh 
hydrocarbon  elements  to  evaporate  to  a  dirty  surface  skin,  bard 
to  distinguish  from  the  coating  applied  at  the  mill,  the  seqaence 
being  that  the  inspector,  if  careless  in  the  discharge  of  his  doty 
and  anxious  to  get  the  work  out  of  the  shop,  and  to  show  a  laige 
day's  work,  does  not  notice  the  grease  or  other  dirt  dae  to  the 
machining  process  which  is  not  removed,  but  coated  oyer  by  the 
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ever  ready  painter,  anxious  to  show  his  great  day's  labor,  and,  as 
a  class,  notorious  for  scrimping  everything  which  calls  for  nnrmiftl 
effort,  and  jealons  of  any  attempt  to  confine  him  to  a  procedore  at 
variance  with  What  he  thinks  is  a  special  function  of  his  own  craft. 
Eather  let  the  material  go  from  the  mill  or  forge  to  the  store- 
house or  construction  shop,  protected  as  far  as  possible  from  any 
unnecessary  exposure  to  the  elements,  and  when  machined,  during 
which  process  the  greater  part  of  the  scale  will  be  removed,  and 
when  the  several  parts  are  assembled  in  their  relative  positions  and 
ready  to  be  riveted  up  into  their  permanent  places  in  the  structure — 
if  it  is  done  at  the  shop  instead  of  in  situ^  then  cmd  there  is  the  place 
for  the  inspector  to  determine  if  the  several  parts  are  not  only 
properly  machined,  and  also  properly  cleaned  from  the  scale  which 
has  not  been  removed  by  the  machining  process  and  handling,  but 
that  the  grease  and  dirt  are  also  removed  in  hispresence,  and  the 
first  coat  of  the  paint  is  applied  under  his  eye  in  a  manner,  as  to 
the  conditions  of  temperature,  frost,  fog,  wet  or  dry,  and  qtmlitt/ 
of  painty  which  will  insure  a  proper  protective  result.  Nothing  can 
serve  as  a  cloak  to  hide  his  own  responsibility  in  the  matter.  One 
insi)cctor  and  inspection  at  the  last  and  final  stage  is  betlBr  than 
two  or  more  inspectors  and  inspections  strung  along  over  a  chain 
of  operations  comprising  months  of  time  and  often  hundreds  of 
miles  between  the  links. 

87.  What  results,  other  than  a  prompt  corrosion,  could  follow 
where  an  engineer,  on  his  examination  of  construction  work  in 
progress  for  his  own  firm,  reports :  "  The  removal  of  the  rust 
spots  and  mill-scale  was  being  done  by  putty  knives  and  whisk 
brooms.  Steel  brushes  were  also  used.  [Evidently  as  a  minor 
appendage  to  the  broom.]  If  there  was  anything  unusual  in  this 
method  of  cleaning  at  the  shops,  it  teas  on  the  side  of  thoroughness. 
After  cleaning,  the  plates  still  showed  thin  yellow  rust  spots,  and 
these  showed  plainly  but  of  a  darker  color  after  the  oil  coating  was 
applied."     (The  italics  are  the  writer's.) 

88.  Every  atom  of  the  rust  or  mill-scale  thus  I^t  in  place  and 
coated  was  electro-negative  to  the  coated  surface,  and  ready 
to  commence  the  process  of  corrosion  whenever  moisture  from  any 
source  reached  it.  The  thin  film  of  oil,  from  j-^-q  to  -j^  inch  thick, 
would  not  delay  corrosion  much  longer  than  the  time  required 
to  dry.  If  the  oil  was  of  the  bung-hole  boiled  variety,  containing 
7  to  10  per  cent,  of  water,  corrosion  would  start  the  more 
promptly. 

•J-v 
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DISCUSSIOX. 

J//'.  George  K  Zonff.* — Tlio  fiict  that  ^[r.  Wood  has  referred 
to  the  use  of  various  gmpliites  as  substitutes  for  Siberian  graph- 
ite, and  also  his  remark  as  to  tlie  use  of  foliated  graphite  in  the 
manufacture  of  pencils,  would  indicate  that  his  knowledge  con- 
cerning the  various  supplies  and  uses  of  graphite  is  not  entirely 
complete. 

AVe  note  a  number  of  statements  which  ai*o  not  in  accordance 
with  theory  or  with  jiractice. 

Calling  attention  first  to  his  remark  in  ])aragrapli  25,  we  mnst 
object  to  a  statement  concerning  the  mixture  of  flake  gra{Aiite  :  .' 
with  such  other  substitutes  as  barvtes,  silica,  and  furnace  dag. 
!i[ixtures  of  ordinary  crystalline  grjiphite  other  than  in  its  lanii- 
nateil  or  flake  form  are  coinmon,  but  where  a  company  mines  . 
and  prepan^  for  its  ])aiiit  pi*rnu»nt  a  natural  product,  it  need 
not  mak<»  use  of  any  slag  or  barvtes  or  any  other  ingredients  of 

*  Bv  invitation. 
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that  sort.  The  product  is  merely  pulverized  to  the  fine  con- 
dition necessary  for  a  paint  pigment,  so  that  in  this  j>articular 
the  two  pigments  are  identical.  Even  if  such  admixture  had 
been  made,  Mr.  Wood  has  failefl  to  say  in  his  paper  that  any 
such  admixture  would  be  more  injurious  than  the  natural  earthy 
components  which  are  a  natural  ingredient  of  the  Superior  paint 
pigment. 

In  paragrajjh  2f},  Mr.  Wood  refers  to  the  heterogeneous  char- 
acter of  flake  graphite  pigments.  We  noetl  say  nothing  more 
on  this  jKjint  than  to  compare  the  statements  we  have  just  made 
with  a  refereuce  from  the  J^mjlneei-ln/j  and  M!ntn^  Journat, 
January  1,  18i*8:  "There  was  produced  in  Baraga  County, 
Mich.,  100  tons  in  1S96,  and  COO  tons  in  1897,  of  a  carbonaceous 
material,  which  is  ground  for  paint  and  is  improperly  called 
graphite.  It  is  simply  a  carbonaceous  schist  extending  over  sev- 
eral thousands  of  acres,  without  sign  of  any  vein  of  graphite- 
The  quarry  is  situated  in  Sec.  33,  T.  5(1  K.  R.  33,  W," 

Mr.  Wood's  statement  that  graphite  is  hai-d  to  grind  other 
than  in  a  flake  form  does  not  come  near  enough  to  the  truth. 
He  should  have  said  that  it  is  impossible  to  grind  it  other  than 
in  the  flake  form.  If  we  considered  other  forms  of  graphite 
suitable  for  a  paint  pigment,  we  certainly  would  not  go  to  the 
expense  of  grinding  the  Ticonderoga  flake  graphite  to  the  fine 
state  of  division  necessary  for  a  paint  pigment.  Other  forms 
are  very  much  easier  to  pulverize. 

Mr.  AVood  also  speaks  of  the  granular  form  as  being  an  ideal 
form  for  a  pigment  particle.  Mr.  Wood  bus  not  demonstrated 
this,  and  on  this  point  we  propose  to  take  issue  with  him.  It  is 
the  point  really  under  discussion.  He  lias  made  certain  state- 
ments with  regard  to  the  position  which  the  various  particles 
assume  in  the  paint  skin.  In  reading  his  ]>a])er,  one  uiight 
assume  that  great  care  was  exercised  in  placing  these  cubical 
(larticlos  he  refers  to,  much  as  jtaving  blocks  are  laid  on  our 
streets.  We  do  not  think  the  ordinary  jciiiiter  goes  to  this 
trouble,  but  we  do  know  that  if  a  cartload  of  Belgian  blocks  ai'e 
dunipetl  out  in  the  street,  they  would  be  distributed  very  irregu- 
larly, and  that  the  voids  would  be  almost  as  great  in  volume  a& 
the  8|>aee  occupied  by  the  stones  themselves,  and  we  think  it 
entirely  fair  to  assume  that  this  is  the  ap|>roximate  position 
which  granular  and  cubical  particles  would  assume  in  a.  ]»aint 
pigment.     On  the  otlicr  bauil.  if  the  cart  contained  pieces  of 
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thin  slate  which  were  dumped  on  the  street,  they  would  be  foond 
spreading  over  a  very  much  greater  area,  and  with  the  pfeooi  of 
slate  lying  approximately  parallel.  We  think  that  this  is  a  fur 
illustration  of  the  difiference  between  a  granular  paint  {Hgment 
and  a  flake  pigment. 

When  we  consider  that  the  life  of  a  paint  depends  upon  the 
life  of  the  oil,  we  see  at  once  why  the  flake  graphite  is  so  very 
suitable  as  a  pigment.  The  ideal  pigment  would  be  saoh  a  one 
as  would  entirely  protect  the  oil  from  all  exterior  oontact.  If 
we  could  imagine  a  very  large  plate  of  graphite,  say  a  yard 
square,  firmly  attached  to  some  metal  surface  by  means  of  a  film 
of  linseed  oil,  we  will  have  an  ideal  condition;  such  a  snrboe 
would  probably  last  indefinitely.  The  use  of  flake  grajdiite  as 
a  pigment  allows  us  to  approach  this  very  closely.  The  thin 
flakes  of  graphite  lying  close  together,  separated,  and  attached 
only  by  an  extremely  thin  film  of  oil,  allow  only  the  edge  of  the 
oil  to  be  acted  ujwn  by  destructive  influences.  On  the  oontraiy, 
when  a  granular  pigment  is  used,  the  percentage  of  oil  exposed 
must  necessarily  be  greater  than  that  of  the  pigment.  The 
thickness  of  the  paint  skin  is  dependent  upon  the  thickness  of 
the  pigment  particles;  thus  if  we  assume  the  pigment  as  having  a 
least  dimension  of  y^jf  inch,  we  cannot  have  a  paint  film  of  any 
thickness  less  than  that,  and  the  oil  fills  up  all  of  the  space 
between  the  particles  and  pigment. 

When  flake  graphite  is  used,  the  flakes  lying  flat,  we  are  able 
to  get  a  very  much  thinner  paint  skin.  This  explains  the  great 
spreading  capacity  of  flake  graphite  paints,  as  compared  with 
other  forms  of  pigment. 

Referring  to  the  statement  that  flake  graphite  is  oil  repellent, 
we  need  only  to  state  the  fact  that  one  part  linseed  oil  will  ooat 
1)0  parts  of  graphite  so  that,  when  squeezed  in  the  hand,  a  finely 
coherent  mass  is  obtained.  The  idea  that  graphite  is  oil  repel- 
lent is  not  warranted  bv  the  facts. 

Mr.  AV'ood,  in  paragraph  31,  makes  reference  to  certain  faibo- 
ratory  tests.  Laboratory  tests  are  never  conclusive,  and  these 
tests  in  particular  were  in  no  sense  parallel  to  the  ordinary  oondi. 
tions  which  paints  are  called  ujx)n  to  withstand  in  actual  servkse. 

We  note  several  other  statements  which  are  not  in  agroonieht 
with  the  fcicts,  such  as  difficulty  of  spreading  flake  graphite  oat, 
and  that  the  graphite  tends  to  separate  from  the  silioeoos  por- 
tions of  the  paint. 
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Mr.  Geo,  N'.  Condy. — The  Solvay  Process  Company  manufac- 
ture a  paint  which  they  call  C'ryaolite  paint,  which  they  have 
found  to  be  of  great  service  in  painting  iron  work  that  is  subject 
to  corrosive  action  from  ammoniacal  gases  or  liquors,  or  other 
chemicals  of  that  sort. 

I  do  not  think  I  can  do  better  than  to  read  a  portion  of  an 
article  written  by  their  chief  chemist.  John  D.  Pennock: 

"  The  rusting  or  corroding  of  iron  surfaces  is  due  to  the  action 
of  (1)  moisture,  (2)  oxygen,  and  (3)  carbonic  acid.  To  prevent 
the  attack  of  these  gases  and  the  consequent  rapid  destruction 
of  the  iron,  coatings  of  paint  of  many  kinds  arc  used.  The 
efficiency  of  these  paints  to  completely  cover  and  keep  out  these 
gases  is  by  no  means  alike  in  all  cases.  Some  coatings  even 
increase  rather  than  diminish  the  corrosion;  some  forming  a 
more  or  less  porous  coating,  only  prevent,  partly,  the  corrosion, 
and  others  exclude  almost  completely  the  destructive  gases,  but 
are  themselves  destroyed  in  a  very  short  time,  scaling  off  and 
leaving  the  surface  of  the  metal  bare.  The  paints  commonly 
need  for  coating  iron  surfaces,  such  as  cast  and  wrought-iron 
pipe,  bridges,  corrugated  iron,  etc.,  are: 

"  (1)  Iron  oxide  paint. 

"  (2)  Ked  lead  and  linseed  oil, 

"  (3)  Varnishes  with  asphalt  as  base. 

"  (■!)  Carbon  paints. 

."  An  iron  oxide  paint  on  iron  is  the  worst  possible  coating  to 
use.  It  not  only  does  not  protect  the  metallic  surface  from  the 
destructive  influence  of  the  elements,  but,  being  oxide  of  iron, 
or  rust  itself,  it  acts  as  a  carrier  of  oxygen  to  the  fresh,  clean 
surface  of  iron  beneath  the  paint.  Combined  with  linseed  oil 
the  results  are  no  better,  for  the  oxide  of  iron  acts  as  an  oxi- 
dizing agent  towanis  organic  matter,  thus  destroying  it,  and 
itself  being  reducetl  to  a  lower  oxide.  In  the  state  of  lower 
oxide  it  soon  takes  up  moi'e  oxygen,  and  the  process  of  carr}'- 
ing  oxygen  to  the  iron  continues  and  the  destruction  of  iron 
goes  on, 

"  Re<l  lead  [laint  is  a  mixture  of  the  red  oxide  of  lea<l  and  lin- 
seed oil.  The  same  oxidation  of  the  metallic  surface  under  the 
coating  goes  on,  .is  is  the  case  of  iron  oxide,  thougli  less  rapidly. 
Linseed  oil,  according  to  the  most  eminent  authorities,  when 
dry  does  not  act  a.s  an  imjiervious  coating  to  moisture,  and  is  but 
as  a  sponge.     This  is  certainly  the  case  unless  the  linseed  oil 


\ 


814  PROTECTION  OF  FERRIC  STRUCTURXS. 

forms  a  chemical  combination  with   the   pigment,    which,  I 
believe,  is  not  the  case  with  red  lead. 

^^  Varnishes,  with  asphalt  as  a  base,  do  not  stand  the  action  of 
moisture,  jmrticularly  if  there  are  chlorides  present,  as  is  fre- 
quently the  case  in  certain  soils.  Asphalt  paints  blister  badly 
and  peel  off.  The  gums  of  which  the  asphalt  varnishes  are 
made,  deteriorate,  become  brittle  and  crack  off,  leaving  the  metal 
exposed. 

''  The  requisites  for  a  good  paint  to  prevent  the  rusting  of  iron 
and  steel  surfaces  are  that  the  ]:)aint  shall  form,  in  one  coat, 
a  perfectly  uniform  coating,  non-porous,  and  impervious  to 
moistm*e,  air,  and  carbonic  acid  gas;  that  the  coating  shall  be 
lasting  and  durable,  and  not  deteriorate  with  age;  that  it  must 
not  be  greatly  affected  by  change  of  temperature;  that  it  must 
be  sufficiently  hard  to  resist  abrasion,  and  yet  sufficiently  elastic 
to  adapt  itself  to  the  come  and  go  of  the  metal  during  expansion 
and  contraction.  Of  course  the  paint  should  be  such  as  can  have 
no  chemical  effect  which  is  detrimental  to  the  iron  surface  which 
it  covers. 

"  The  paint  most  completely  fulfilling  these  requisites  is  a  pure 
carbon  paint.  It  is  universally  admitted  to  be  unchanging  in 
character,  and  when  mixed  with  a  suitable  vehicle  or  carrier, 
produces  a  paint  which  cannot  be  surpassed  for  protecting  iron 
and  steel  from  rust. 

"The  Solvay  Process  Company,  of  Syracuse,  N.  T.,  are 
manufacturing  a  ])ure  carbon  paint  l>earing  the  name  of  *  Cryso- 
lite.'  It  has  been  verv  carefuUv  tested  about  their  extensive 
plants  at  Syracuse,  N".  Y. ;  Detroit,  Mich. ;  Dunbar,  Pa. ;  Ensley, 
Ala. ;  Sharon,  Pa.,  and  Wlieeling,  AV.  Va.,  and  has  been  found 
superior  to  any  of  the  many  paints  they  had  previously  tried. 

'^Itis  understood  that  the  paint  is  made  from  a  by-product 
resulting  from  their  numerous  coke  o})erations. 

"  The  tar  produced  from  the  by-pro<luct  coke  ovens  differs 
from  gas-house  tar  in  many  respects.  The  pitch  resulting  from 
the  distillation  of  the  tar  contains  a  large  percentage  of  free  car- 
bon, and  this  pitch,  after  pro})or  purification,  is  the  base  of 
'  Crysolito '  paint. 

"  The  prejudice  agjiinst  tar  j)aints  arises  from  the  fact,  in. most 
cases,  that  tar  itself,  without  any  j)urification,  is  used  as  a  punt. 
Tar  contains  many  substances,  carbolic  acid,  ammonia  salts,  car- 
bon bisulj)hide,  etc.,  which  ai»e  volatile  and  constantly  changing 
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in  comiwsition,  thns  breaking  up  the  coating  of  paintj  and, 
besides,  are  injurious  themselves  to  iron  surfaces, 

"  By  proper  treatment  during  distillation,  the  by-prodact  coke- 
oven  tar  produces  a  pitch  which  is  free  from  injurious  in- 
gredients. 

"  In  the  case  of  '  Crysolite '  paint,  the  purest  passible  form,  of 
carbon,  purified  hard  pitch  from  by-product  coke-oven  tar  is 
used,  and  for  a  carrier  an  oil  of  such  consistency,  and  of  such 
boiling  point,  that  the  paint  will  ilry  within  the  usual  time  and 
form  a  smooth,  perfectly  impervious,  elastic,  durable  coating. 

'*  Fur  many  years  the  Solvay  Process  Company  had  been 
endeavoring  to  find  a  paint  which  would  withstand  the  action 
of  the  many  chemicals  which  come  in  contact  with  the  coatings 
upon  iron  surfaces  expttsed  to  the  elements,  and  on  apparatus 
inside  of  the  buildings.  Many  kinds  of  paints  were  tested  and 
all  prove<l  to  be  inefficient. 

"  One  test  to  which  '  Crysolite '  paint  was  put,  was  the  paint- 
ing of  a  corrugated  iron  passage-way,  exposed  on  the  exterior  to 
lime  dust,  ammonia  and  carbonic  acid  gas.  To  compare  with 
this  paint  a  portion  of  this  passage-way  was  ]>ainteil  with  graph- 
ite paint;  another  portion  with  asphalt  paint.  After  the  expira- 
tion of  six  months  the  asphalt  and  graphite  paint  were  botii  in 
bad  condition  and  iron  rust  apjieared,  whereas  that  portion  of 
the  passage-way  painted  with  '  Crysolite '  paint  was  still  intact, 
and  had  a  bright,  glossy  surface. 

"  They  likewise  find  that  this  '  Crysolite '  paint,  when  used 
upon  ammonia  tank  cars  and  large  ammonia  liquor  reservoirs, 
stands  the  action  of  the  ammonia  liquors  and  gases  much  better 
than  any  other  ]>aint  they  have  used. 

"  As  a  further  test  of  the  durability  of  this  coating,  they 
painted  wrought-iron  tubes,  three  inches  in  diameter,  and  ex- 
posed them,  after  a  baking  process,  to  the  action  of  carbonate 
of  ammonia  and  ammonium  chloride  liquors  for  three  months, 
and  when  these  pipes  were  removed  they  were  f(}und  to  be  in 
perfect  condition. 

"  O.  ir.  Tappan,  Superintendent  of  the  Kannawa  Falls  Water 
Power  Company,  Potsdam,  N.  Y.,  in  a  recent  letter  said,  con- 
cerning '  Crysolite  '  :  '  The  paint  seems  to  be  all  that  is  desired. 
I  trietl  it  with  a  sledge  on  a  very  cold  day  last  week,  and  it 
would  not  lly  off,  in  spite  of  the  sharp  blows  near  the  edge  of  a 
section  of  the  penstock,' 
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'^  As  a  material  for  coating  metal  which  is  to  be  sabjeoted  to 
the  action  of  sea  water,  there  is  nothing  that  will  stand  80  well 
as  ^  Crysolite. '  Sheet-iron  j)Iates  6  inches  by  3  inches,  painted 
with  15  different  varieties  of  black  paint  for  coating  iron  bup- 
faces,  were  exposed  for  two  months  in  sea  water.  Among  these 
paints  were  black  varnishes,  asphaltum,  graphite,  and  other 
kinds.  At  the  end  of  the  two  months  the  sheets  painted  with 
'  Crysolite '  showed  no  tendency  to  rust  whatever,  and  the  coat- 
ing was  in  a  hard,  tough,  and  elastic  condition,  while  all  the 
others  showed  more  or  less  rust  spots;  or  the  coating  had  blis- 
tered and  peeled,  particularly  was  this  so  with  the  varnish  coat- 
ings; or  they  had  become  brittle  and  cracked  oflf.  Similariy 
painted  sheets  were  susi>en(]ed  over  a  railroad  track  where  passed 
20  trains  |x»r  day,  for  three  months,  so  that  they  got  the  cvffect 
of  the  exhaust  from  tlie  locomotive  stacks.  The  ^Crysolite' 
paint  stood  tliis  test  equally  well." 

The  question  of  painting  iron  work  aronnd  chemical  establish- 
ments is  (juite  an  important  problem,  and  the  ordinary  paints 
have  proved  not  to  be  successful  for  the  purpose;  and  this  that 
I  have  read  is  the  outcome  of  experiments  in  order  to  find  some- 
thing which  would  successfully  answer  the  purpose. 

Prof,  Dufjahl  C.  Jacknon. — I  am  not  a  paint  expert,  bat  in 
paragraph  44  of  this  paj)er  is  to  be  found  a  statement  which  has 
proved  of  interest  to  me,  and  it  is  along  the  line  of  a  consider- 
able series  of  experiments  that  we  have  carried  out  in  our  elec- 
trical engineering  laboratories.  The  statement  which  I  refer 
to  is  to  the  effect  that  in  bridge  members  and  similar  pieces  of 
metal,  where  they  have  been  worked,  the  metal  seems  to  be 
easily  affected  by  corrosion — this  corrosion  being  properly  char- 
acterized by  the  author  of  the  pai)cr  as  caused  by  electrolysis. 
It  is  a  curious  fact  tljat  the  most  accepted  records,  as  they  now 
stand  in  engineering  literature,  ajij)arently  show  by  the  resolts 
of  ox])eriments,  that  the  unstrained  metal  should  be  eaten  avray 
in  such  cases  and  the  strained  metal  left  intiict,  while  the  pradd-. 
cal  fact  is  the  ()])])Osite — that  is,  the  strained  metid  is  really  eaten 
awav  and  the  unstrained  is  not. 

In  carrying  out  an  extended  series  of  experiments  in  respect 
to  the  corrosion  of  ii'on,  which  covered  several  years  of  time,  we 
have  found  that,  where  a  i>ieco  of  wrought  iron  or  steel  is  placed 
in  a  testing  machine  and  its  cJec^trical  condition  is  followed  op, 
as  the  iron — if  it  is  ii-on,  or  steel,  if  it  is  steel — is  strained,  ib 
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corrodihiJ4ty  appears  to  iiit-rease  praciicallif  in  proporteiin  itiih 
the  airaifi)  above  the  elastic  limit,  so  that  a  diagram  plotted  with 
stress  along  one  coordinate  and  corrodibilitj  along  the  other, 
appeal's  to  be  of  almost  exactly  similar  character  to  a  diagram 
plotted  with  stress  and  strain  along  the  two  axes  of  coordinates. 

Two  illustrations  of  these  diagrams  are  presented  in  Figs.  303 
and  3()4,  The  test  pieces  used  in  the  experiments  from  which 
the  results  illustrated  in  the  figure  are  derive<l  were  of  ^VTOUght 
iron. 

This  dem<jnstration,  that  in  certain  metals  the  corrodibility 
depends  on  tlie  condition  of  the  strain  of  the  metal,  is  one  of  the 
important  facts  brought  out  in  our  investigation  to  which  I  have 
just  referred.  A  report  of  the  ix)rtion  of  the  investigation  which 
contains  th«  exijerinients  on  strained  metals  is  published  in  the 
Biilhfin  of  the  University  of  "Wisconsin,  No.  42.*  The  results 
to  which  I  have  referred  are  directly  opposed  to  the  generally 
acceptetl  view  which  is  based  on  the  Andrew's  ex[)erimenta.f 
On  the  other  hand,  they  give  a  perfectly  satisfactory  explana- 
tion of  much  of  the  so-called  grooving  in  boilers  and  corrosion 
of  a  similar  character.  Here  the  strained  metal  of  a  punchetl 
boiler  plate  that  is  not  completely  covered  by  a  rivet  head 
becomes  eaten  away.  Or  perhaps  a  plate  becomes  strained  at 
a  joint  by  temperature  stresses  and  the  strained  streak  is  cor- 
roded. In  each  case  thi-  Mt rained  viietal  is  of  greater  corrodihUiti/, 
and  it  acts  as  one  of  the  plates  of  an  electric  battery  in  which 
the  other  plate  of  the  battery  is  the  unstrained  metal  of  the 
boiler  slioU,  and  the  electrolyte  is  the  water  within  the  boiler. 
The  sti-aineil  metal  is  the  electrode  which  corresponds  to  the  zinc 
of  the  oiflinary  voltaic  cell,  and  it  is  eaten  awaj'. 

Another  illustration  of  corrosion  of  this  character  is  the  so- 
called  (by  bridge  engineers)  Cooper's  lines,  which  arc  often  evi- 
denced in  the  corrosion  of  bridge  raeml)ers  such  as  is  referred  to 
in  panigrapli  44  of  the  paper.  These  are  lines  of  electrolytic 
con-osion  in  strainetl  ]tarts.  The  most  seriously  straineti  parts, 
or  parts  that  liave  become  hardened  in  working,  become  eat«n 
away  by  voltaic  action  which  goes  on  at  their  expense,  and  the 
less  straine<l  piii'ts  are  less  rapidly  corro<led,  thus  leaving  the 
appearance  of  lines  of  corrLiaion. 

•  "  An  ExperimeDtal  Study  of  thf  CorroBlon  of  Iron  under  Dlfferpot  Condi- 
tions," by  r'arl  IlBmbuechen. 

t  JV,."f(*.  Iiiatitmion  of  ViVil  Eiigineere  (l^ondon),  vol.  cxviil.,  p.  808. 
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It  is  also  trui*  that  metals  which  do  not  change  their  physicil 
characteristics  when  straineil,  apimrently  do  not  matexJallr 
clianire  in  corrodibilitv  as  the  result  of  strain.  Thus  if  one 
stretches  lead,  its  corrmlibility  does  not  appreciablr  increase. 
The  same  is  tine  to  a  cerUiin  degitH*  of  brass  and  copper.  Kg. 
3h5  re})resents  a  stress-corrodibility  diagram  for  hard-drawn 
copiKLT.  The  siiiue  is  true  also,  to  a  limited  degree,  of  very  soft 
iron,  but  as  even  the  softest  iron  does  harden  (that  is,  change  in 
physical  characteristics »  somewhat  when  strained,  its  corrodi- 
bilitv is  somewhat  affecte<l  bv  strain. 

Ilein,  in  some  ex|)eriments  made  years  ago,  found  that  he 
could  make  a  fair  determination  of  the  mechanical  equivalent  of 
heat  by  measuring  the  heat  proiluceil  by  a  blow  of  given  energy 
deliven^l  ui>on  a  lead  or  copper  block.  If  he  had  tried  iron  he 
might  have?  found  his  results  entiivly  at  variance  with  the  facts, 
because  much  of  the  energy  of  the  blow  on  iron  (if  it  is  strained 
lx;yond  its  elastic  Hmit )  is  absorlxnl  in  the  physical  changes  of 
the  metal,  and  does  not  ai)ix?ar  as  sensible  heat.  Dr.  Carl 
Barus,  who  is  now  a  professor  at  ]>rown  University,  made  ex- 
periments s^mie  years  ago,  in  which  he  found  that  as  much  as 
one-half  of  the  energy  exertcnl  in  stretching  an  iron  wire  to  the 
breaking  prjint  goes  into  the  physical  changes  of  the  metal,  the 
remaining  part  of  the  energy  goes  into  sensible  heat  and  raises 
the  temperature  of  the  test  i)iece.  The  energy  which  is  stared 
in  the  metiil  by  the  physical  changes  increases  its  chemical  activ- 
ity, and  therefore  increases  its  corrodibility  as  compared  with 
the  unstrained  metal  of  the  same  kind.  If  experiments  like 
those  performed  by  Dr.  Barus  were  rej^eated  with  lead  wire,  it 
would  ])robablv  be  found  that  all  or  nearlv  all  of  the  eneriry 
exerted  in  stretching  the  lead  wire  to  the  bresiking  point  is  con- 
verted into  sensible  heat,  and  that  little  or  none  is  absorbed  in 
])hysicid  changes  with  tlieir  resulting  alteration  of  chemical 
cliaracter. 

The  case  of  cast  iron  is  interestin<r.  Fig.  306  shows  the  stress- 
con'fxlibility  diagrams  for  two  specinums  of  cast  iron  in  tension. 
A  comparison  of  these  diagrams  with  those  for  wrought  iron  in 
tension,  illustrated  in  Figs.  :>i):>  and  :)n4,  shows  the  marked  dif- 
f<*nmo(*  bc^tween  tlie  two  metals.  Fig.  .*^»T  shows  a  stress-corro- 
dibility diagram  for  cast  iron  in  conipressicm.  The  exact  forms 
of  the  diagrams  taken  from  cast  ii*on  (l(»]>end  in  some  degree  on 
th<»  ])hysical  cliaracttM"  of  the  spcHMmens,  but  the  diagrams  shown 
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Fig.  307.— STREsa-CoRRODUin.n'V  Dugraii  he- 
Cast   IBOH    in   COXPRESeiON'. 

are  typical  ones.  The  effect  of  strain  is  small  in  the  case  of  cast 
ifun. 

The  corrodibility  of  the  specimens,  which  is  illustrated  in  these 
A'arioug  diagrams,  was  measured  by  determioing  the  electromo- 
tive forces  of  tlie  test  pieces  toward  a  standard  electrode  in 
a  normal  solution. 

Mr.  M,  r.  Wood.*— The  influence  of  stress  or  distortions  in 
metal  for  promoting  corrosion,  in  paragraph  44,  referred  to  by 
Professor  Jackson,  in  which  he  endorses  the  writer's  views  in  con- 
travention to  the  generally  accepted  engineering  opinions  on  the 
subject,  and  which  have  been  referred  to  before  in  the  Tran«~ 
actions  oi  this  Society,  vol,  xvi,,  paper  No.  62(1,  pp.  370-373,  is 
furthermore  corroborate<l  by  reference  to  the  corrosion  of  a 
sample  test  bar  broken  under  strain,  illustrated  and  described  in 
TrmiMaciions  oi  this  Society,  vol,  xv.,  paper  No.  59S,  pp.  1033- 
1036,  where  the  development  of  corrosion  in  proportion  to  the 
amount  of  strain  was  very  marked,  as  will  be  seen  by  consulting 
the  reference  given. 


*  Author's  closure,  uuder  the  Bnles. 
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Another  example  of  the  effect  of  electrolysis  in  metal  under 
strjiin  is  given  in  the  calamitous  destruction  of  the  Peoria  (Illi- 
nois) \vat<<n'- works  stand  \npCj  described  and  illustrated  in  Engi- 
nerr'ntfj  Xt'ir-s  ( Xew  York,  June,  llMK)).  In  this  case  the  effects 
of  cori'osion  in  the  form  of  pitting  around  the  rivets  and  the 
furrowing  of  the  seams  (Cooixu^'s  lines)  were  very  marked  at  the 
points  of  greatest  stress  in  the  iron  tank  sheets,  and  were  the 
cause  of  the  collapse  of  the  structure  under  normal  conditions  of 
service. 

^lany  other  instances  could  he  given  of  the  dangerous  charac- 
ter of  electrolytic  action  on  nu^tals  under  stress,  and  it  is  only 
recently  that  many  (engineers  are  beginning  to  consider  its  im- 
portance. 

The  commission  of  English  engineers  appointed  by  the  Eng- 
lish (rovernment  to  investigate  the  cause  of  the  failure  of  the 
Tay  l>ridg(>,  re[)ort(Ml  that,  where  cast  iron  and  wrought  iron 
wtTe  connected  bv  rivets  in  manv  i)arts  of  the  same  structure 
I  as  they  were  in  this  (me),  the  rivets  and  connecting  wrought- 
iron  work  where  connectxMl  to  the  cast-iron  members  of  the 
sti'ucture  (columns,  flanges,  spandi'els,  etc.),  had  corroded  to 
such  an  extent  as  to  l)e  b(4ow  the  jx)int  of  stability  by  the  local 
galvanic  circles  formed  at  numerous  ])oints  in  the  structure 
where  the  two  iiK^tals  wen*  in  contact. 

The  corrosive  action  notic^ed  in  the  riveted  sections  of  the 
tubular  bridge  over  the  St.  Lawrenci*  liiver  at  Montreal,  Canada, 
ref(M*red  to  before  in  this  pa])er,  was  of  a  similar  nature  to  the 
al)ov(»  water  tank  examjJc  In  this  case,  while  the  corrosion 
was  of  almost  unparalleled  amount  and  virility  in  the  whole 
structure,  the  rivets  that  held  the  floor  beams  and  track  stringers 
in  place,  and  were  un(h*r  the  greatest  strain  and  subject  to  vibra- 
tion and  shock  from  the  ])assing  of  the  railway  trains,  were  cor- 
roded the  most,  though  ;ill  of  tlu^e  ])arts  were  of  WTOUght  iron 
to  wrought  ii'on.  but  varied  in  cpiality  fi*om  common  iron  to 
relined  inm. 

A  ])aint  composed  of  the  oxides  of  iron,  lead,  and  tin  pigments 
mix(Hl  with  the  b<»st  of  oil,  when  spread  and  dry,  will  develop 
und(T  atmospheric  conditions  a  galvanic  action  from  the  pres- 
ence of  the  metals  in  contact,  and  will  de])osit  the  tin  in  the 
form  of  metallic  flakes  which  can  be  rubbed  otf  and  out  of  the 
coating  by  the  linaiM's.  The  corrosive  action  upon  the  covered 
ferric  surface  follows  as  a  s<»(ju(mc(\     If  any  zinc  oxide  is  present 
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the  galvanic  action  is  more  marked,  the  zinc  being  the  first 
destroyed,  then  the  tin,  next  the  lead,  while  the  iron  pigment 
attacks  the  iron  surface  as  usual. 

Mr.  Comly's  contributed  article  on  "  Crysolite  "  is  of  interest. 
but  it  is  regrettable  that  its  value  was  not  enhanced  by  a  descrip- 
tion of  the  jKirticuIar  kind  of  graphite  paint  with  which  the 
"Crysolite"  was  in  competition,  as  por  page  815.  There  are 
a  dozen  or  more  so-called  graphite  paints  in  the  market,  vrith 
almost  as  many  points  of  contested  excellence,  and  it  would  be 
of  quite  as  much  interest  to  place  upon  record  for  the  benefit 
of  the  craft  w/uil  wt  t"  use  under  certain  circumstances  as  what 
to  apply. 

"CryBolite,"  as  a  mineral  pigment,  is  of  uo  more  value  in 
a  paint  than  silica,  barytas,  or  any  other  mineral  substance  which, 
of  itself,  is  unfit  for  a  paint,  and  as  an  iwlded  substance  or  adul- 
terant could  only  be  used  to  eke  out  some  deficiency  in  the  basic 
metallic  pigment  employed,  or  to  nia^k  some  other  adulterant 
for  a  change  in  color,  or  other  misleading  characteristic  not 
required  in  any  make  of  honest  gootls. 

"Crysolite,"  as  a  trade  mark,  is  as  catchy  as  "Asbestos," 
"Bessemer,"  "  Scale  Armor, "  "Electric,"  and  the  many  other 
names  which  come  and  go,  while  corrosion,  the  great  enemy  of 
ferric  bodies,  lives  on  forever.  In  the  absence  of  any  descrip- 
tion of  the  manufacture  of  "C'rysolit«"  other  than  that  it  is 
a  product  from  a  coke-oven  coal  tar,  wo  can  only  assume  that  in 
its  general  characteristics  it  is  like  all  other  coal  tars,  the  name 
coal  tar  being  a  generic  term  applie<I  to  those  bitumens  extracted 
from  bituminous'  coal  by  the  various  processes  in  the  manufac- 
ture of  fuel  or  illuminating  gas  and  hard  or  soft  coke,  and  which 
vary  in  character  according  to  the  kind  of  coal  used,  the  amount 
of  richer  cannel  coal  or  other  enriching  substances  used  with  the 
coal,  the  process  of  manufacturing  gas  employed,  and  to  numer- 
ous other  details  not  necessary  to  mention. 

That  the  tar  fi'om  a  by-proiluct  coke  oven  is  different  in  com- 
position from  that  made  by  a  gas  retort  is  possible  within  a  lim- 
ited degree,  as  tliere  is  no  known  method  of  accurately  showing 
the  true  condition  of  coal  tars,  no  two  tars  being  identical  in 
everj'  respect,  although  manj'  tars  are  identical  in  every  essen- 
tial respect.  The  tars  vary  in  the  amount  of  bitumen  they  con- 
tain, from  KO  to  9i  pep  cent.,  and  the  processes  of  distillation  to 
free  them  from  their  many  acids,  Sidts,  sulphides,  etc.,  vary  in 
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temperatare  from  20ri  degrees  tx>  6CH)  degrees  Fahr.  The  char- 
acter of  the  residue,  cement^  bitumen,  or  whatever  it  be  called, 
de[>emls  upon  the  distillation  processes  employed,  even  when 
dealing  with  a  given  tar;  and  again,  the  process  will  vaiy  the 
character  of  the  residue  in  proportion  to  the  amount  and  quality 
of  the  oil  the  tar  contains.  The  quantity  of  oil  removed  from 
a  tar  at  any  given  temperature  varies  greatly.  One  per  cent,  of 
oil  taken  from  one  tar  will  produce  a  greater  hardening  efieet 
on  the  residue  than  1^  per  cent.  wiH  upon  another.  Mechanical 
agitation,  or  blowing  air  or  steam  through  the  still,  also  affects 
the  quality  of  the  bitumen. 

The  non-bituminous  matter  contained  in  coal  tar  is  carbon, 
which  is  synonymous  with  lampblack  and  was,  of  oourae,  a 
hydrocarbfjn  before  the  hydrogen  was  eliminated  by  combos- 
tion.  The  carbon  is  ins(jluble  in  carbon -bisulphide  or  in  the 
lighter  coal-tar  oils,  while  the  bitumen  is  soluble  in  all  of  the 
cf/al'tar  oila^  naphtha,  l^enzine,  etc.  Petroleum,  light  oils,  or 
carl>on-bisulphide,  however,  do  not  furnish  a  perfect  solvent  for 
coal-tar  htUirnen^  but  natural,  illuminating,  and  water  gaaea,  all 
are  solvents  of  the  bitumens,  either  natural  or  artificiaL 

The  process  of  collecting  the  tar  from  the  coal  is  essentially 
the  same  by  all  processes  of  distillation,  and  consists  in  passing 
all  of  the  vapors  generated  in  the  distilling  chamber  or  vessel 
through  a  vertical  stand-pipe  which  dips  into  a  cold-water  bath. 
The  gas  rises  through  the  water  and  is  conducted  away  for  pori- 
fication  or  use  ;  while  the  condensed  vaix)rs  of  the  tar,  being  of 
slightly  greater  density  than  the  water  (1.1  to  water  1),  sink  to 
the  bottom  of  the  tiink  or  condenser,  and  are  drawn  off  asre- 
(|uired.  The  greater  part  of  the  ammonia  va}X)rs  are  condensed 
and  carried  otf  in  solution  bv  the  water  of  condensation  and  are 
recoverable.  About  2  i)er  cent,  of  carbon  (lampblack)  is  gener- 
ally carrieil  by  the  tar.  If  more  is  present  the  process  is  de- 
ficient so  far  as  making  a  good  illuminating  gas;  as  the  excess  of 
carbon  caused  b\'  too  high  a  heat  in  the  distilling  chamber  con- 
suming the  lighter  i)art  of  the  car])on  vapor,  the  resultant  lamp- 
black will  pass  onward  with  the  giis,  through  all  the  purification 
and  scrubbing  processes,  and  will  eventually  reach  the  con- 
sumer's burners,  causing  annoyance  in  the  form  of  stopped  pipes 
and  smoky  ceilings. 

If  a  refined  coal-tar  bitumen  carries  more  than  the  above  2  Cfr  8 
per  cent,  of  lampblack,  the  increase  is  probably  an  added  prod- 
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act,  and  is  detrimental  or  not,  depending  a.]x>n  the  use  to  which 
the  tar  is  put.  As  a  brush  or  dip  coating  for  iron  work  10  or 
more  ])ercentage  is  allowable,  particularly  if  the  coating  is  to  be 
applied  warm  or  hot,  to  hot  or  warm  bodies,  and  afterwards 
dried  or  cooled  under  like  conditions.  All  bituminous  coatings 
dry  by  evaporation,  not  by  resin ification,  as  do  linseed  oil  coat- 
ings; hence  the  heat  element  in  the  drying  of  coal-tar  coat- 
ings is  not  only  favorable,  but  almost  a  necessary  condition  for 


The  ai)plication,  as  per  page  815  (Pennock),  appeara  to  have 
been  by  he<vt,  which  was  also  probably  the  case  noted  at  Pots- 
dam. The  tests  on  ]}age  816  are  all  good  indications  of  the 
protective  value  of  the  "Orysolite"  coatings,  but  would  have 
been  of  more  value  to  the  A.  S.  M,  E.  recoitls  had  there  been 
given  the  weight  per  gallon,  covering  power  per  gallon  in 
square  feet,  cost  per  gallon,  with  other  commercial  data,  the 
effect  of  it  ajiplied  either  under  or  over  other  coalings  not  of 
its  own  composition,  whether  drifirs  can  be  used  with  it  or 
not,  and  what  kinds  to  meet  the  different  requirements  of  win- 
ter or  summer  applications,  or  to  get  out  of  the  way  of  a  wet 
coat.  Coal-tar  coatings  in  general  are  the  most  unmanageable 
and  unreliable  of  aU  ferric  coatings.  They  r©<|uire  but  a  little 
alteration  in  the  conditions  under  which  they  are  applied,  to 
utterly  fail  in  the  most  unexpected  manner  and  from  apparently 
insignificant  causes.  It  is  a  sad  commentar}'  upon  the  reliability 
of  coal-t;ir  products  and  their  manufacturers,  that  in  an  industry 
a  single  branch  of  which  in  the  United  States  reaches  a  total  of 
SoOjOdn  tons  annually,  there  is  not  a  large  established  firm  in 
the  country  that  maintains  a  laboratory  alone  equal  to  the  task 
of  puttin;.'  upon  the  market  even  an  approximately  uniform  bitu- 
minous wiuont  or  i-ooflng  tar.  Chemical  research  has  developed 
overii.niio  by-products  from  coal  tar;  the  higher  grade  of  these 
products  are  reliable  and  standard  in  character,  but  the  lower- 
grade  products  receive  only  the  most  indifferent  attention,  and, 
as  a  consequence,  there  are  many  disappointments  in  their  use. 

Matheson  ("Works  in  Iron")  mentions  a  mixture  for  pipe 
coverings,  consisting  of  30  gallons  of  coal  tar  with  all  of  its 
naphtha  and  oils  retained,  0  pounds  of  tallow,  1^  pounds  of  some 
kind  of  resin,  3  pounds  of  lampblack.  30  pounds  of  freshly  slacked 
<juicklime  mixed  and  applied  hot.  Its  effect  upon  underground 
pipes   was  in  a  measure  satisfactory,   but   in   situations   above 


826  PBOTEonoN  of  febbio  stbuctttres. 

ground,  in  the  open  air,  it  cracked  and  shelled  off  any  overlying 
paint  not  of  its  own  composition  in  the  liveliest  manner  possible. 

Coal  tar  is  acid  in  reaction.  The  addition  of  the  lime  in  the 
above  mixture  was  supposed  to  neutralize  the  acid  elements,  but 
it  was  sufficient  to  correct  only  about  one-half  of  them,  and  with 
more  lime  the  coating  refused  to  spread  or  dip.  The  addition 
of  lime  to  coal-tar  mixtures  only  renders  them  difficult  to  apply 
and  uncertain  in  their  covering  results.  Thousands  of  feet  of 
water  pipes  so  coated  and  subsequently  removed  from  the 
ground,  have  been  found  apparently  in  good  condition  with  the 
coating  in  place  and  unbroken,  but  beneath  the  coating,  corrosion 
of  the  pipe  was  in  full  progress,  and  the  coating  was  in  place 
simply  for  the  reason  that  the  corrosion  had  not  acquired  enough 
energy  to  cast  it  off  against  the  pressure  of  the  surrounding 
earth. 

A  recent  letter  from  a  prominent  pipe  founder  in  answer  to  an 
inquiry  as  to  his  method  of  protecting  water  pipes  from  under- 
ground corrosion,  stated  ''  that  the  method  now  pursued  was  to 
heat  the  pipes  quite  hot  (about  600  degrees  Fahr.),  and  dip  them 
into  the  coal-tar  bath,  which  was  simply  melted  (possibly  about 
200  degrees  Fahr.).  The  pipes  were  not  left  in  the  bath  long 
enough  to  reduce  their  temperature  to  a  point  below  where  the 
coating  will  have  a  'frying'  appearance  when  lifted  from  the 
tar."  This  method  seems  to  form  as  satisfactory  a  coating  as 
anything  known.  Previous  efforts  with  coal  tar,  linseed  oil, 
and  other  mixtures  only  produced  uncertain  and  unsatisfactory 
results. 

A  late  pipe  coating  called  "Assyrian  rubber"  (trade  mark), 
composition  unknown,  appears  to  be  impossible  to  apply  so  as  to 
leave  a  neat-appearing  surface.  Its  wearing  or  protective  power, 
compared  with  the  simple  coal-tar  coating,  is  yet  to  be  determined. 

''Crysolite"  is  said  to  be  alkaline  in  reaction,  hence  will  not 
attack  any  iron  surface  coated  with  it.  If  it  can  fill  any  one  of 
the  many  gaps  in  the  protective  line  of  coatings,  it  will  have  a 
ready  and  hearty  welcome  from  the  whole  engineering  fraternity, 
but  at  present  more  light  is  needed  relative  to  its  composition 
and  behavior  in  more  than  one  situation. 

The  reference  by  Mr.  Long  to  the  want  of  knowledge  on  the 
part  of  the  writer  concerning  the  various  supplies  and  uses  of 
graphite,  can  possibly  be  attributed  to  the  fact  that  such  knowl- 
edge as  he  has  at  command  has  been  acquired  as  an  engineer  and 
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user  of  protective  paints,  instead  of  a  manufacturer  of  them.  If 
the  writer's  theory  of  paints  and  painting,  as  expressed  in  this  and 
former  papers  presented  to  this  Society,  is  wrong,  he  is  not  so 
firmly  attached  to  his  convictions  as  to  be  incapable  of  enlighten- 
ment, but  what  he  has  set  forth  is  the  result  of  his  own  experience 
and  observation  on  the  practice  of  others.  The  best  methods  and 
the  best  auxiliaries  to  reach  a  perfect  result  in  a  protective  coat- 
ing are  what  the  writer  is  in  search  of;  whether  that  auxiliary 
is  a  pigment  70  years  or  70  days  old  is  not  the  question  at  issue. 
In  regard  to  silica  graphite  paints,  there  are  a  dozen  of  them  with 
as  varied  degrees  of  excellence  as  any  other  of  the  commercial 
paints,  and  the  writer,  upon  review  of  the  paper,  sees  no  reason 
to  modify  paragraphs  25,  26,  and  27  in  any  particular.  That 
the  practice  of  using  the  best  brand  of  graphitic  carbon  procur- 
able, also  of  silica,  separately  pulverized  and  afterwards  mixed 
in  some  proportion  and  ground  in  the  oil,  furnishes  a  good  paint, 
cannot  be  and  is  not  denied,  but  that  it  is  as  good  a  product  as 
it  would  be  were  the  20,  30,  or  50  per  cent,  of  silica  combined 
by  nature  with  the  graphite  (whatever  its  quality)  instead  of 
being  artificially  mixed  is  doubtful.  The  flake  graphite  and  the 
silica  have  no  chemical  affinity  for  each  other,  and  cannot  be 
combined  other  than  by  nature's  processes  in  any  manner  nor  in 
any  degree,  so  that  any  quality  in  the  one  could  support  or  fill 
any  deficiency  of  character  in  the  other.  Hence,  with  a  given 
compound  of  two,  three,  or  more  mineral  substances,  even  if  in 
the  proper  proportion  (if  that  can  be,  or  ever  has  been  ascer- 
tained), and  the  best  that  could  be  devised  for  a  required  pur- 
pose, the  mixture  that  held  these  substances  compounded  by 
nature  always  has  been  and  ever  will  be  superior  to  the  arti- 
ficial amalgamations,  however  carefully  prepared  and  lionestly 
presented  to  the  public.  The  two  products  are  not  identical, 
other  than  that,  in  general,  they  contain  the  same  individual 
substances;  whether  they  were  gathered  at  the  poles  of  the  earth 
or  the  equator  does  not  bear  upon  the  matter,  neither  does  that 
of  how  long  they  have  been  known  to  commerce.  Graphitic 
carbon  will  always  be  recognizable  wherever  found,  and  in  what- 
ever amount  it  is  associated  with  other  minei'als. 

Graphitic  carbon  is  widely  diffused  in  nature.  It  is  a  com- 
ponent part  of  cast  iron  as  it  leaves  the  blast  furnace,  and  alters 
its  appearance,  if  not  its  character,  according  to  the  degree  of 
heat  employed  in  the  reduction  of  the  iron  ore,  and  casting  the 
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metal  into  pigs.  The  same  metal  cast  at  the  same  moment  into 
the  sow  or  the  pig,  often  presents  widely  diflFerent  aj^aromces 
if  not  compositions.  Graphitic  carbon  is  an  intermediate  car- 
bon, between  anthracite  and  bituminous  coal,  presenting  some 
features  of  each  and  some  features  wholly  unlike  them  or  those 
of  its  next  neighbor,  lampblack. 

What  the  exact  proportions  of  graphitic  carbon  and  other  min- 
eral substances  are,  and  what  the  nature  of  the  substances  are  to 
make  a  perfect  ferric  protective  coating,  is  not  now  known,  but 
we  do  know  that  a  mineral  containing  30  to  50  per  cent,  of 
graphitic  carbon  naturally  combined  with  sUica,  calcium,  mag- 
nesia, and  other  substances  that  have  not  been  made  caustic  by 
calcination,  form  durable  and  reliable  ferric  coatings,  even  if  their 
advent  and  use  as  such  is  comparatively  of  recent  date.  That 
these  amorphous  or  granular  graphite  minerals  can  be  easily 
ground  to  the  requisite  fineness  for  a  pigment,  is  as  universally 
admitted  as  their  excellence  when  so  prepared.  The  writer 
accepts  the  correction  in  paragraph  27  that  the  purer  forms  of 
graphitic  carbon,  especially  flake  graphite,  cannot  be  ground 
other  than  in  a  flake  form.  In  some  experiments  of  his  own  he 
found  that,  by  long  titration  in  water,  the  graphite  could  be 
reduced  to  the  necessary  fineness  for  a  pigment,  but  the  added 
element  of  water  brought  another  diflBculty  info  the  field,  as  the 
moisture,  if  not  entirely  evaporated,  prevented  the  graphite 
from  bonding  to  the  oil  in  any  degree,  and  the  graphite  flakes 
floated  around  in  the  oil  menstruum  like  so  many  water-soaked 
wooden  chips  in  a  bed  of  soft  mud.  Silica  and  other  mineral 
adulterants,  even  to  the  extent  of  40  per  cent.,  did  not  wholly 
prevent  the  movement  in  the  paint,  so  much  complained  of  by 
painters  using  the  so-called  silica  graphite  paints. 

Granted  that  improved  processes  in  grinding  the  flake  graphite 
result  in  the  necessary  fineness  without  the  use  of  water  in  the 
mill,  it  in  no  manner  ensures  the  stability  of  graphite  atoms  in 
the  drying  coat  of  paint,  whether  their  form  is  granular  or  flake, 
without  the  presence  of  holdfast  adulterating  substances,  that  of 
themselves  contribute  nothing  to  the  durability,  color,  or  protec- 
tive nature  of  the  coating,  however  they  may  arrange  themselves 
with  the  graphite  atoms,  in  sequence  or  not. 

An  ideal  pigment  atom  which  should  assume  the  form  of  a  slab 
to  be  laid  by  a  crowbar  and  trowel,  or  even  like  a  slate  embedded 
in  mortar  on  a  roof,  the  writer  concedes  would  be  a  far  better 
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protootion  than  a  group  of  pigment  atoms,  whatever  their  form, 
floating  in  a  bath  of  oil  and  put  into  place  by  a  brush,  but  he 
imagines  there  might  arise  some  difficulty  in  appljdng  the  new 
ideal  to  many  situations  where  the  brush-laid  compounds  thus 
far  have  held  the  field. 

As  a  fact,  the  silica  and  graphite  paint  compounds  on  flat  or 
not  steeply  inclined  metallic  roofs  are  the  best  of  all  paints,  as 
they  are  not  only  of  good  body,  but  they  do  not  dry  down  as 
quickly  or  as  hard  as  other  paints,  and  they  follow  the  expansion 
and  contraction  of  the  metallic  roofing  due  to  the  changes  in  the 
temperature,  far  better  than  the  iron  oxide  paints  in  general  use 
for  roofing  purposes.  In  this  case  the  heavier  the  coating  and 
the  more  deeply  the  graphite  and  silica  atoms  are  embedded  in 
the  menstruum  the  more  durable  will  be  the  coating. 

Instances  are  quoted  where  graphite  and  silica  pigments  have 
been  mixed  with  crude  petroleum,  and  then  spread  over  ferric 
bodies  that  subsequently  were  immersed  in  salt  or  fresh  water 
for  many  years,  perfectly  protecting  the  covered  ferric  surface. 
The  immersion  of  such  compounds  is  their  salvation.  In  the 
open  air  or  under  ordinary  atmospheric  exposure,  such  mixtures 
dry  by  the  evaporation  of  the  lighter  part  of  the  petroleum  oil 
(the  naphtha,  benzine,  etc.),  and  not  by  any  process  of  resinifica- 
tion,  as  is  the  case  with  linseed  oil.  They  "  peel  "  just  as  soon 
as  the  coating  has  dried  enough  to  hold  together  for  the  strip- 
ping process.  They  are  not  paints  in  any  sense;  that  word  is 
used  to  denote  a  fluid  mixture  that  can  be  applied  with  a  brush 
to  cover  any  wood,  metal,  or  other  surface,  and  their  uses  are 
exceptional.  Probably  the  substances  to  whieh  they  were  ap- 
plied would  have  been  as  well  preserved  and  certainly  more 
cheaply  covered  by  a  coating  of  hydraulic  cement. 

The  oil  repellent  properties  of  flake  graphite  are  at  once  ap- 
parent in  such  mixture.  Iron  oxide  and  silica  mixed  with  the 
same  petroleum  oils  are  less  liable  to  peel  in  open-air  exposure 
than  the  graphite,  and  under  water  they  appear  to  be  equally 
efficient  in  protecting  the  covered  surface.  In  fact,  silica  alone 
with  petroleum  makes  a  good  under-water  coating  if  strong 
driers  have  been  added  to  the  oil  to  get  the  necessary  initial  set 
of  the  coating.  The  same  driers  would  have  to  be  used  if 
graphite  was  also  present,  as  there  is  no  drying  element  in  either 
the  graphite  or  silica  pigments. 

The  remarks  upon  the  laboratory  tests  in  paragraph  31  in  con 
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ground,  in  the  open  air,  it  cracked  and  shelled  off  any  over] 
paint  not  of  its  own  composition  in  the  liveliest  manner  posBohle. 

Coal  tar  is  acid  in  reaction.  The  addition  of  the  lime  in  the 
above  mixture  was  supposed  to  neutralize  the  acid  elements,  bnt 
it  was  sufficient  to  correct  only  about  one-half  of  them,  and  with 
more  lime  the  coating  refused  to  spread  or  dip.  The  addition 
of  lime  to  coal-tar  mixtures  only  renders  them  difficult  to  apply 
and  uncertain  in  tlieir  covering  results.  Thousands  of  feet  of 
water  pipes  so  coated  and  su])secjuently  removed  from  the 
ground,  have  been  found  apparently  in  good  condition  with  the 
coating  in  place  and  unbroken,  but  l)eneath  the  coating,  corrodo^ 
of  the  pipe  was  in  full  progress,  and  the  coating  was  in  place 
simply  for  the  reason  that  the  corrosion  had  not  acquired  enough 
energy  to  cast  it  off  against  the  pressure  of  the  surrounding 
earth. 

A  recent  letter  from  a  prominent  j^i^e  founder  in  answer  to  an 
inquiry  as  to  his  method  of  protecting  water  pipes  from  nnder- 
ground  corrosion,  stated  '^  that  the  method  now  pursued  was  to 
heat  the  pipes  quite  hot  (about  600  degrees  Fahr.),  and  dip  them 
into  the  coal-tar  bath,  which  was  simply  melted  (possibly  about 
200  degrees  Fahr.).  The  pi|)es  were  not  left  in  the  bath  long 
enough  to  reduce  their  temperature  to  a  point  l)elow  where  the 
coating  will  have  a  *fr\Mng'  appearance  when  lifted  from  the 
tar."'  This  method  seems  to  form  as  satisfactory  a  coating  as 
anything  known.  Previous  efforts  with  coal  tar,  linseed  oil, 
and  other  mixtures  only  produced  imcertain  and  unsatisfactory 
results. 

A  late  pii>e  coating  called  'SVssyrian  ru])ber"  (trade  mark), 
composition  unkno^vn,  appears  to  l>e  impossible  to  apply  so  as  til 
leave  a  neat-appearing  surface.  Its  wearing  or  protective  power, 
compared  with  the  simple  coal-tar  coating,  is  yet  to  be  determined. 

"  Crysolite  "  is  said  to  l)e  alkaline  in  reaction,  hence  will  not 
attack  any  iron  surface  coated  with  it.  If  it  can  fill  any  one  of 
the  many  gaps  in  the  i)rotective  line  of  coatings,  it  will  have  a 
ready  and  hearty  welcome  from  the  whole  engineering  fraternity, 
but  at  present  more  light  is  needed  relative  to  its  composition 
and  behavior  in  more  than  oni^  situation. 

The  reference  by  ^Ir.  Long  to  the  wa.nt  of  knowledge  on  the 
part  of  the  writer  concerning  the  vjirious  supplies  and  oaes  of 
graphite,  can  ]X)ssibly  be  attributed  to  the  fact  that  such  knowl- 
edge as  he  has  at  command  has  been  acquired  as  an  engineer  and 
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nser  of  protective  paints,  instead  of  a  manufacturer  of  them.  If 
the  writer's  theoryof  paints  auti  painting,  as  expressed  in  this  and 
former  papers  presented  to  this  Societ}',  is  ^Tong,  he  is  not  so 
firmly  attached  to  his  convictions  as  to  be  incapable  of  enlighten- 
ment, but  what  be  has  set  forth  is  the  result  of  liia  own  experience 
and  observation  on  the  practice  of  others.  The  best  methods  and 
the  best  auxiliaries  to  reach  a  perfect  result  in  a  protective  coat- 
ing are  what  the  writer  is  in  search  of;  whether  that  auxiliary 
is  a  pigment  70  years  or  70  days  old  is  not  the  question  at  issue. 
In  regard  to  silica  graphite  paints,  there  are  a  dozen  of  them  with 
as  varied  degrees  of  excellence  as  any  other  of  the  commercial 
paints,  an<l  Uie  writer,  upon  review  of  the  paper,  sees  no  reason 
to  modify  paragraphs  2."i,  2f>,  and  iiT  in  any  particular.  That 
the  practice  of  using  the  best  brand  of  graphitic  carbon  procur- 
able, also  of  siiica,  separately  pulverized  and  afterwards  mixed 
in  some  proportion  and  ground  in  the  oil,  furnishes  a  good  paint, 
cannot  be  and  is  not  denied,  but  that  it  is  as  good  a  prrjiluct  as 
it  would  be  were  the  20,  30,  or  50  per  cent,  of  silica  combined 
by  nature  with  the  graphite  (whatever  its  quality)  instead  of 
being  artificially  mixed  is  doubtful.  The  flake  graphite  and  the 
silica  have  no  chemical  affinity  for  each  other,  and  cannot  be 
combined  other  than  by  nature's  jirocesses  in  any  manner  nor  in 
any  degree,  so  that  any  quality  in  the  one  could  support  or  fill 
any  deficiency  of  diameter  in  the  other.  Hence,  with  a  given 
compound  of  two,  three,  or  more  mineral  substances,  even  if  in 
the  projier  jjroportion  (if  that  can  be,  or  ever  has  been  ascer- 
tained), and  the  best  that  could  be  devised  for  a  required  pur- 
pose, the  mixture  that  held  these  substances  coni]K)unded  by 
natm-e  always  has  been  and  ever  will  be  superior  to  the  arti- 
ficial amalgamations,  however  carefully  prepared  and  honestly 
presented  to  the  public.  The  two  products  are  not  identical, 
other  than  that,  in  general,  they  contain  tlie  same  individual 
substances;  whether  they  were  gatheret!  at  the  jioles  of  the  earth 
or  the  equator  does  not  hear  upon  the  matter,  neither  does  that 
of  how  long  they  have  been  known  to  commerce,  frraphitic 
carbon  will  alwa^ys  be  recognizable  wherever  found,  and  in  ivhat- 
ever  amount  it  is  associated  n'ith  other  muierals. 

Gniphitic  carbon  is  widely  difl'uaed  in  nature.  It  is  a  com- 
ponent part  of  cast  iron  as  it  leaves  the  blast  furnace,  and  alters 
its  appearance,  if  not  its  character,  according  to  the  degree  of 
heat  cmjiloycd  in  the  reduction  of  the  iron  ore,  and  casting  the 
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ground,  in  the  open  air,  it  cracked  and  shelled  off  any  OTerlying 
paint  not  of  its  own  composition  in  the  liveliest  manner  possible. 

Coal  tar  is  acid  in  reaction.  The  addition  of  the  lime  in  the 
above  mixture  was  supposed  to  neutralize  tlie  acid  elem^its,  bat 
it  was  sufficient  to  correct  only  al)out  one-half  of  them,  and  with 
more  lime  the  coating  refused  to  spread  or  dip.  The  addition 
of  lime  to  coal-tar  mixtures  only  renders  them  difficult  to  apply 
and  uncertain  in  their  covering  results.  Thousands  of  feet  of 
water  pipes  so  coated  and  subsequently  removed  from  the 
ground,  have  been  found  apparently  in  good  condition  with  the 
coating  in  place  and  unbroken,  but  beneath  the  coating,  corrosion 
of  the  pipe  was  in  full  progress,  and  tlie  coating  was  in  place 
simply  for  the  reason  that  the  corrosion  had  not  acquired  enoogh 
energy  to  cast  it  off  against  the  pressure  of  the  surrounding 
earth. 

A  recent  letter  from  a  prominent  pijie  founder  in  answer  to  an 
inquiry  as  to  his  method  of  protecting  water  pipes  from  under- 
ground corrosion,  stated  ''  that  the  method  now  pursued  was  to 
heat  the  pii)es  quite  hot  (about  600  degrees  Fahr.),  and  dip  them 
into  the  coal-tar  bath,  which  was  simply  melted  (possibly  about 
200  degrees  Fahr.).  The  pijx^s  were  not  left  in  the  bath  long 
enough  to  reduce  their  temperature  to  a  point  below  where  the 
coating  will  have  a  '  frying '  appearance  when  lifted  from  the 
tar.""  This  method  seems  to  form  as  satisfactory  a  coating  as 
anything  known.  Previous  efforts  Avith  coal  tar,  liniseed  oil, 
and  other  mixtures  only  produced  uncertain  and  unsatisfactory 
results. 

A  late  pii)e  coating  called  "Assyrian  rubber"  (trade  mark), 
composition  unknown,  ap])ears  to  l>e  impossible  to  apply  so  as  to 
leave  a  neat-appearing  surface.  Its  wearing  or  protective  power, 
compared  with  the  simple  coal-tar  coating,  is  yet  to  be  determined. 

''  Crysolite"  is  said  to  l)e  alkaline  in  reaction,  hence  will  not 
attack  any  iron  surface  coated  with  it.  If  it  can  fill  any  one  of 
the  many  gaps  in  the  protective  line  of  coatings,  it  will  have  a 
ready  and  hearty  welcome  from  the  whole  engineering  fraternity, 
but  at  present  more  light  is  nc^eded  relative  to  its  composition 
and  behavior  in  more  than  one  situation. 

The  references  by  Mr.  Long  to  the  want  of  knowledge  on  the 
part  of  the  writer  concerning  tin*  vjiri(jus  supplies  and  uses  of 
gra])hite,  can  possibly  be  attributed  to  the  fact  that  such  knowl- 
edge as  he  has  at  command  has  been  acquired  as  an  engineer  and 
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user  of  protective  paints,  instead  of  a  maniifacturer  of  them.  If 
the  writer's  theory  of  paints  and  painting,  as  expressed  in  this  and 
former  papere  presented  to  this  Society,  is  wrong,  he  is  not  so 
firmly  attached  to  his  convictions  as  to  be  incapable  of  enlighten- 
ment, but  what  he  has  set  forth  is  the  result  of  his  own  exj>erience 
and  ol)SBrvation  on  the  practice  of  others.  The  best  methods  and 
the  best  auxiliaries  to  reach  a  jierfect  result  in  a  protective  coat- 
ing are  what  the  writer  is  in  search  of;  whether  that  auxiliary 
is  a  pigment  70  years  or  70  days  old  is  not  the  question  at  issue. 
In  regard  to  silica  graphite  paints,  there  are  a  dozen  of  them  with 
as  varied  degi-ees  of  excellence  as  any  other  of  the  commercial 
paints,  and  the  m-iter,  upon  review  of  the  paper,  sees  no  reason 
to  modify  pai'agraphs  2f>,  20,  and  37  in  any  particular.  That 
the  practice  of  using  the  best  brand  of  graphitic  carbon  procur- 
able, also  of  silica,  separately  pulverized  and  afterwards  mixed 
in  some  proportion  and  ground  in  the  oil,  furnishes  a  good  paint, 
cannot  be  and  is  not  denied,  but  that  it  is  as  gixnl  a  product  as 
it  would  be  were  the  20,  30.  or  50  per  cent,  of  silica  combined 
by  nature  with  the  graphite  (whatever  its  cjuality)  instead  of 
being  artificially  mixed  is  doubtful.  The  flake  graphite  and  the 
silica  have  no  chemical  affinity  for  each  other,  and  cannot  l;e 
combined  other  than  by  nature's  processes  in  any  manner  nor  in 
any  degree,  so  that  any  quality  in  the  one  could  sup]X5rt  or  fill 
any  deficiency  of  character  in  the  other.  Hence,  with  a  given 
compound  of  two,  three,  or  more  mineral  substances,  even  if  in 
the  proper  projKjrtion  (if  that  can  be,  or  ever  has  been  ascer- 
tained), and  the  best  that  could  be  devised  for  a  required  pur- 
pose, the  mixture  that  held  these  substances  compounded  by 
nature  always  has  Ijeen  and  ever  will  be  superior  to  the  arti- 
ficial amalgamations,  however  carefully  prepared  and  honestly 
presented  to  the  jiublic.  The  two  products  are  not  identical, 
other  than  that,  in  general,  they  contain  the  same  individual 
substances;  wliether  they  were  gathered  at  the  poles  of  the  earth 
or  the  o<iuator  does  not  bear  upon  the  matter,  neither  does  that 
of  how  long  they  have  been  known  to  commerce.  Graphitiu 
carbon  will  always  be  recognizable  wherever  found,  and  in  what- 
ever amount  it  is  associated  with  other  minerals. 

Graphitic  carbon  is  widely  diffused  in  nature.  It  is  a  com- 
ponent part  of  cast  iron  as  it  leaves  the  blast  furnace,  and  altei-s 
its  appearance,  if  not  its  character,  according  to  the  degree  of 
heat  cmployeil  in  tbi'  reihictinn  of  the  iron  ore,  and  casting  the 
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supplips,  etc.  Id  tliia  period,  1,470,000,000  gallolu  weie  filterad, 
the  ftTfirage  cost  per  million  gallons  being,  therefore,  $4.19.  The 
arerafi^  cost  per  million  gallonfi  of  the  operation  of  the  pump- 
ing stations  was  t2-'>2,  leaving  $1.CT  to  represent  the  coat  ot 
operating  the  filters,  including  the  laboratory  work.  The 
pumping  cost  was  14  cents  per  1,000,000  gallons  raised  one 
foot 

The  engines  wore  originallT  provitled  with  a  receiver  between 
the  high  and  low  pressure  cylinders,  but  this  was  zamored  be- 
fore the  tests  were  started. 


Fks.  310. 


A  twcntj -four-hour  test  on  tlio  No.  2  Injiler,  pump,  and  en- 
gine was  made  by  Allen  Hazpii,  ('.  K.,  of  New  York,  and  the 
writer. 

The  drips  from  tho  engine  wore  ilinconuectcil  and  showed  no 
leakH  of  stcfim.  Tiic  blow-off  from  tliR  lioiler  was  disconneoted 
and  found  to  bp  p«rf(;cth'  tight.  Tlie  Xo.  1  boiler  was  blank 
flanged,  and  a  stetiin  jiipc  \pii  from  this  No.  I  boiler  to  an  auxil- 
iary pump,  whicli  was  used  to  i>uinp  the  feed  water  into  Uie 
weighing  tnnki^. 

A  running  start  wjlh  ntiidi-  with  about  l-i  inches  of  file  above 
'  the  grates  at  12.30  r.  M.,  Moiubiy,  March  ^r>tli,  tliore  being  jnat 
13  inches  of  water  in  th<^  wutor  glass  on  the  lioiler.  Theap  oon- 
ditions  were  maintaiiioil  constantly  and  exceedingly  onifonu  lor 
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tlie  next  twenty-fonr  hours,  ending  12.30  p.  M.,  Tuesday,  March 
27th. 

The  results  of  these  testa  are  given  in  the  following  tabula- 
tion, but  might  be  explained  more  in  detstl  as  follows  to  those 
who  are  not  entirely  familiar  with  the  technical  items  used  in 
punap  tests : 

The  net  work  done  in  a  twenty-four-hour  test  (Item  18)  rep- 
resents the  total  number  of  pounds  of  water  at  the  temperature 
of  84  degrees  Fahr.  (Item  7)  elevated  to  the  total  height  of 
pumping,  20.92  feet  (Item  Ifl).  The  duty  per  1,000  pounds  of 
feed  water  (Item  19)  is  obtained  by  dividing  the  net  work, 
2,400,130,680  pounds,  by  the  totalnuraber  of  pounds  of  feed  water 
con.Mumed,  and  multiplying  by  1,000,  Item  25  being  the  amount 
of  feed  water  consumed  per  honr,  the  total  feed  water  con- 
sumed was  2,243,-5  x  24  =  53,744  pounds,  hence  Item  19  is 
(44,574,801) 

53,744    ) 

Item  20,  the  duty  per  100  pounds  dry  coal,  is  a  similar  result 
obtained  by  dividing  Item  18  by  the  total  number  of  pounds  of 
dry  coal  burned,  and  multiplying  the  result  by  100. 

Item  21,  the  piston  speed  of  engine,  is  the  stroke  of  the  engine 
in  feet  multiplied  by  two  (2),  and  by  the  number  of  revolutions 
per  minute  (Item  13). 

Item  22,  the  average  indicated  horse-power  of  the  engine, 
represents  the  average  indicated  horse-power  developed  by  the 
engine  during  the  test,  the  diagram  being  taken  at  intervals  of 
one  hour,  and  engines  running  uniformly. 

Item  23  is  the  equivalent  of  9,550  gallons  of  water  per  minute 
at  a  temperature  of  34  degrees,  which  would  equal  a  weight  of 
62.42  pounds  per  cubic  foot  raised  to  the  heightglveu,  converted 
into  horse-power.  In  other  words.  Item  23  represents  the  actual 
work  done  and  Item  22  the  indicated  horse-power  required  to 
be  developed  to  do  this  work. 

Item  24,  which  is  Item  23  divided  by  Item  22  and  multiplied 
by  mo,  represents  the  efficiency  of  the  pumps  and  engines. 

Item  25  explains  itself. 

The  following  ten  (10)  items  are  all  estimated,  Item  26 
representing  the  horse-power  at  34^  pounds  of  steam  reqnired 
to  operate  the  conilenser  and  boiler  teed  pump,  and  being  esti- 
mated on  the  basis  of  120  pounds  of  steam  per  horse-power  per 
honr  required  to  operate  these  pumps. 
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Item  27  is  the  ponnds  of  dry  coal  burned  per  Harae-poirar 
per  hour  under  the  boilers,  divided  by  the  sum  of  Items  9S 
and  26. 

Item  28  is  the  feed  water  per  hour  divided  by  the  same  smiL 

Items  29  and  30  are  respectively  the  feed  water  per  honr 
separated  so  as  to  show  what  part  belongs  to  the  oondeneer  and 
boiler  feed  pumps  and  what  part  to  the  main  pomping  engine. 

Item  31  is  to  show  the  consumption  of  coal  per  honr  required 
to  operate  the  condenser  and  boiler  feed  pumps. 

Item  32  is  the  same  as  Item  19,  excepting  that  it  is  figored  far 
the  main  engine  alone,  and  the  steam  required  to  operate  the 
condenser  and  boiler  feed  pumps  is  taken  out  of  it  so  as  to 
show  the  efficiency  of  the  main  pumping  engine  alone,  the 
1,000  pounds  of  steam  being  the  same  as  1,000  pounds  of  feed 
water. 

Item  33  is  similar  to  Item  20,  with  the  exception  just  made 
above  for  Item  No.  32. 

Item  34  is  from  indicator  cards,  which  show  the  friction  of 
the  engine  driving  itself  and  the  pump  running  empty. 

Item  r4a  is  the  work  clone  in  Item  23,  divided  by  the 
average  indicated  horse-power  of  the  engine  Item  22,  minna  the 
friction  of  the  engine  and  pump  running  empty  (Item  34),  and  is 
stated  to  show  what  the  actual  net  efficiency  of  the  pump  itself 
as  a  means  of  elevating  water,  is. 

Item  59  is  the  total  heat  necessary  to  raise  1  pound  of  water 
from  the  temperature  of  the  feed  to  steam  of  the  pressoie 
noted  in  Item  35,  multiplied  by  the  amount  of  feed  water  evap- 
orated into  steam  of  the  pressure  noted  from  water  at  a 
temperature  of  212  degrees  for  each  pound  of  coal,  with  the 
ashes  and  the  moisture  of  the  coal  deducted,  and  is  known  as 
the  British  thermal  units  actually  derived  from  1  pound  of 
combustible. 

Item  60  is  the  equivalent  evaporative  power  of  1  pound  of 
Reynoldsville  coal  as  determined  by  a  calorimeter. 

Item  61  is  the  proportion  that  Item  59  bears  to  Item  60. 

DiTTT  Trial  op  Engines  and  I^uicpb. 

Dimermons  : 

1.  Number  of  steam  cylinders S 

2.  Diameter  of  steam  cylinders,  inches 10^18 

3.  Diameter  of  piston  rods,  inches Iff 

4.  Stroke  of  engine,  inches |0 
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6.  Delivery  diameter  eentritngal  pamps.  inches S4 

5.  Diameter  of  centrifugal  piunp  diacM,  inches 42 

Ttmperalurg  : 

7.  Of  water  iu  pomp  well,  degrees  Pahr S4 

6.  Of  water  enteringr  economlBer,  degrees  Fahr 83.G 

9.  Of  water  eatering  boiler,  degrees  Fahr 143.7 

Average  Pre*tvre*  : 

10.  Boiler  presBDre  bj  gauge,  pounds 120 

11.  Vacuum  at  engine  bj  gaage,  pounilB 24.5 

Miledtantout  Data  : 

12.  Duration  of  trial,  hours. 24 

13.  Average  revolution  per  mInDte  of  engine  and  pump,  numlH-r. .  214 

14.  Moisture  in  steam,  percent 1.4 

15.  Mean  effective  pressure  from  indicator,  diugruns,  kigli- press  are 

cjlinder.  pounds. 40.8 

As  above,  low-pressure  cylinder,  pounds 15.62 

16.  Average  height  of  pumping,  feet 20.92 

17.  Total  water  pumped,  gallons 13.710,000 

Principal  Reimltt  : 

18.  Net  work  done  in  24-honr  test,  foot-pounds 2.400,130,060 

19.  Dul  J  per  1.000  pounds  feed  water,  root-pounds 44,574,801 

20.  Dn(j  per  100  pounds  dr;  coal,  foot-pounds 40,610,000 

21.  Piston  speed  of  engine,  feet 855.24 

22.  Average  indicated  horse-power  of  engine 76.16 

24.  Efficiency  of  pumps  and  engines,  per  cent 50.S 

25.  Feed  water  consumed  per  hour,  pounds 8,248.5 

Estimated  RcniilU  .• 

26.  Horse- power  of  condenser  and  boiler  feed  pumps 10.485 

27.  Drj  coal  used  per  total  liorse-power  per  hour,  potinds 3.843 

28.  Pounds  of  water  evaporated  per  totul  horse-power  per  hour  from 

feed  at  142.7  temperature  to  atenm  at  120  pounds  pressure.  25.9 

29.  Feed  water  per  hour  condenser  and  boiler  Teed  pumps,  pounds.  S2Q 

30.  Feed  water  per  hour  main  engine,  pounds. 1,614.5 

31.  Drj  coat  per  hour,  condenser  and  boiler  feed  pump,  pounds 69.9 

3-2.  Duty  of  main  engine  alone  for  1,000  pounds  steam,  foot-pounds.      61,970.000 
S3.  Duty  of  main  engine  alone  for  100  pounds  of  coal,  foot-pounds. .      50,708.000 

34.  Friction  engine  and  pump  running  empty,  horse-power tO.57 

34a.  Net  efficiency  of  pump  alone,  per  cent 77 

Bon,>ni  Tbbt. 

Average  Pretmm: 

85,  Of  steam  in  lK>il<»r  by  gauge,  pounds 126 

36.  Atmospiieric  pressure,  l>arometer.  inches 29. 7S 

Temperiiliiret  : 

87.  Of  steam,  degrees  Fall r 344.78 

38.  Of  escaping  gases,  degrees  Fahr 299,7 

39.  Of  feed  water  entering  economizer,  degrees  Fahr 8S.5 

40.  Of  feed  water  entering  boiler,  degrees  Fahr 142.7 

41.  Of  boiler  and  engine-room,  degrees  Palir ,....  68 

42.  Of  outside  air,  duress  Fahr 34.G 
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Fuel: 
48.  Total  amoant  of  coal  oonsamed,  pounds 

44.  Moistare  in  coal,  per  cent 8 

45.  Drj  coal  consumed,  pounds ^MM 

40.  Total  refuse  dry,  pounds M 

47.  Total  refuse,  per  cent 4wW 

48.  Dry  coal  used  per  hour,  pounds S4AJI 

40.  Total  combustible,  pounds SJUU 

Quality  of  Steam : 
60.  Moisture,  per  cent 1.4 

51.  Factor  of  eyaporation,  per  cent 1.1191 

Water: 

52.  Water  pumped  to  boiler  and  apparently  evaporated,  pounds.  • .  •  0,818 
58.  Equivalent  water  evaporated  into  dry  steam,  pounds. .' 

54.  Equivalent  water  evaporated  into  dry  stream  from  218**,  lbs.... 

55.  Equivalent  water  evaporated  into  dry  steam  from  212'',  per  hr..  1^4171 

Economic  Evaporation : 

56.  Water  actually  evaporated  from  dry  coal,  pounds. 8.86 

57.  £>]uivalent  water  evaporated  from  dry  coal  from  212*,  poanda.  •  10.088 

58.  £>iuivalent  water  evaporated  per  lb.  combustible  from  212'*,  lbs.  10.888 

Efficiency  of  Boiler : 

69.  Total  heat  derived  from  coal,  British  thermal  units lO^m 

60.  British  thermal  units  in  coal  (calorimeter) l'^080 

61.  Efficiency  of  boiler,  per  cent 68.^ 


DISCUSSION. 

Mr.  K  T.  Adams. — I  believe  that  future  searchers  in  the  index 
of  these  Transactions  would  be  grateful  to  Mr.  "Webber  if  he 
would  change  the  title  of  his  pa|)er  sufficiently  to  indicate  that  it 
was  largely  a  record  of  a  test  on  a  centrifugal  pumping  engine 
at  the  Albany  Filtration  Plant. 

The  conditions  at  this  plant,  as  given  by  Mr.  Webber,  seem 
to  be  ideal  for  high  eificienc\",  either  on  a  twenty-fonr-houp  trial 
or  under  usual  working  conditions.  There  are  two  nnits.  The 
average  load  is  practically  that  which  gives  maximum  effldenoj 
for  one.  There  is  storage  capacity  at  the  station  equal  to  about 
one-third  the  daily  demand,  which  should  protect  the  statiui 
from  serious  fluctuations  in  knul,  and  the  water  is  dear  and 
allows  the  design  of  a  pumj)  which  will  give  maximum  eflkdenej. 
In  this  respect  Mr.  Webber  has  done  his  part  in  providing  a  oen- 
trif ugal  pump  with  77  per  cent,  hydraulic  efliciency,  but  it  woiQld 
be  interesting  to  know  on  what  grounds  the  engineer  who  da- 
signed  the  plant  as  a  whole  would  justify  a  choice  of  ttotar 
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which  only  gives  40,fil0,000  foot-pounds  duty  per  100  pounds  of 
dry  coal,  a  duty  fully  60  per  cent,  less  than  one  has  a  right  to 
expect  from  a  properly  designed  plant  of  this  type,  considering 
all  the  conditions  at  the  time  of  the  test. 

Mr,  Webber  does  not  give  the  duty  actually  obtained  under 
every -day  conditions,  or  the  itenii/^  costs  of  pumping— possibly 
he  may  be  able  to  supply  this  later — but  judging  from  the  total 
pumping  cost  of  14  cents  |jer  million  foot-gallons,  the  duty  of 
the  plant  under  actual  running  con<iitionB  cannot  greatly  exceed 
30,000,000  to  25,OO0,fW0  foot-pounds  per  100  pounds  of  coal. 
This  pumping  cost  is  anywhere  from  50  to  100  per  cent,  too 
high,  and  represents  an  annual  loss,  as  near  as  one  can  estimate 
from  the  data  which  Mr.  "Webber  has  supplied,  just  about  equal 
to  the  first  cost  of  the  engine. 

Many  people  seem  still  to  hold  the  belief  that  a  centrifugal 
pump  is  a  very  inefficient  machine,  and  on  some  principle  relat- 
ing to  the  eternal  fitness  of  things,  such  a  one  would  hold  that 
any  motor  was  good  enough  to  drive  a  centrifugal  pump.  I  do 
not  wish  to  make  any  extravagant  claims  for  centrifugal  pump- 
ing engines.  Such  engines  certainly  have  their  limitations,  both 
as  to  range  of  usefulness  and  efficiency.  I  merely  wish  to  em- 
phasize the  fact  that  this  is  not  a  typical  example  of  good  prac- 
tice. The  duty  per  100  pounds  of  coal  ia  40,010,000  foot-pounds. 
I  will  append  some  figures  showing  that  it  should  be  100,000,000 
foot  jjounds.  The  cost  per  million  foot-gallons  is  14  cents;  it 
should  not  exceed  10  cents  on  the  same  basis,  even  under  typical 
municipal  management. 

The  Allis  Company  do  not  build  centrifugal  pumps,  except 
specially  designed  pumps  for  special  cases,  and  have  never  built 
any  sucli  pumjis  for  ordinary  city  water  supply.  But  they  have 
built  a  great  many  centrifugals,  mostly  of  large  size,  for  hand- 
ling sewage  and  for  drainage  purposes,  and  the  figures  which 
are  given  below  are  taken  from  tbe  duty  trials,  and  tlie  average 
yearly  record  of  some  sewage  pumps  built  four  or  five  years  ago 
for  the  city  of  Boston.  The  conditions  here  were  not  at  all 
favorable  to  high  duty,  either  on  a  24-hour  test  or  under  regular 
working  conditions,  the  reasons  being,  first,  that  a  sewage  pump 
cannot  always  be  designed  primarily  for  high  duty,  but  must  be 
designed  to  pass  large  objects  without  clogging,  and  efficiency 
becomes  in  a  way  a  secondary  consideration;  and,  second,  unlike 
the  Albany  plant,  there  is  no  great  reservoir  interposed  to  take 
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'are  of  any  flactuation  in  the  quantity  of 
this  comes  it  mu>t  be  lifteil  to  the  high-level  diachmige.  At 
><^>rm'  [ierio<1.s  of  tlie  dar  all  the  pamps  will  be  reqiUFBd  to  liMiiilft 
the  Row.  an<l  at  other  times  a  single  pamp  will  be  numiiig  on 
friction  l(i;t«l.  picking  up  a  loful  for  ilve-minnte  periods  three  or 
f>>ur  tiiiit-s  in  an  hour.  This  of  course  is  Terv  wasteful;  but  at 
thf*^-  jieri^^jrls  tlie  flou'  of  sewacre  is  so  variable  that  it  is  found 
chf-ajK-r  to  kc^'p  runninir  than  to  shut  down,  bank  fires,  and  wait 
for  the  sewers  to  fill  up. 

There  are  three  3C-inch  centrifugal  pumps,  each  diiect-oonpled 
to  a  triple-expansion  engine,  and  six  4d-inch  oentrifugal  pampB, 
also  direct-ri Miple<l  to  triple-expansion  engines. 

()n  a  f>4-hour-duty  trial  the  average  duty  of  the  small  ^mpn^m 
and  pumps  was  OmjiOO.OOO  fo«jt-iX)unds  per  100  pounds  of  Cum- 
berland comI,  with  no  deductions  of  any  kind.  The  4S-injdi  sets, 
engines  and  pumps  comVjined,  gave  an  average  duty  of  93,000,000 
f«x>t-[>ounds. 

For  the  year  1*>»»»  the  output  in  million  foot-gallons  for  the 
thrffe  ^f'i-incli  Boston  punq^s  is  sr^mewhat  lower  than  that  for  the 
two  :;«»-incli  pumps  at  Alhany,  yet  with  such  exceedingly  mir 
favonibie  conditions  as  to  load,  the  average  duty  for  the  year 
is  over  ."^l.niMi.iMM)  for  the  3»j-inch  Reynolds  pumps,  and  over 
ij:^,0O0j.MH)  for  tlio  larger  lieynolds  pumps.  That  is,  the  yearly 
average  duty  of  these  [miaps  is  alx)ut  30  jier  cent,  higher  than 
the  dutv  ]f;ac}ied  at  Alhanv  in  a  24-hour  test  under  ideal 
conditions. 

The  cost  \}ov  million  foot-gallons  with  $4.50  coal  and  city 
inanagoment  was  lu.^  cents  for  the  small  pumps,  and  6.5  eenta 
for  the  largo  pumps.  I  regret  that  I  have  not  the  data  from 
which  to  make  a  coiiii»arison,  taking  in  depreciation,  repairs, 
and  interest  on  investment,  but  a  comparison  of  the  figures  given 
indicatf^s  that  a  more  economical  motor  could  easily  make  enough 
saving  in  a  very  few  years  to  more  than  pay  for  itself. 

In  conclusion,  I  wish  again  to  emphasize  the  fact  that  the  low 

duty  recorded  is  a  i-esult  for  which  Mr.  Webber  is  in  no  part 

responsible,  and  also  to  ])oint  out  that  I  do  not  find  fonlt  with 

the  motor  in  itself.     The  engine  used  is  a  splendid  example  of 

its  type.     I  wisli  simjily  to  bring  out  the  foUy  of  adopting  this 

tviM^  for  a  s<*rvice  for  whicli  it  is  in  everv  wav  unfitted. 
•  •  •        • 

Jf/\  1(7///V////  O.  WrhhrrJ' — The  actual  dutv  obtained  on  the 


*  Author's  closure,  under  the  Hales. 
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Albany  Pumping  Plant  under  every-day  conditions  was  about 
81,000,000  foot-pounds  previous  to  the  changes  made  by  the 
writer  in  the  engines  before  the  tests  were  luade.  There  is  no 
reason  nov/  why  a  duty  of  at  least  40,000,000  foot-pounds  should 
not  be  obtainetl  under  every-daj'  conditions. 

I  have  noted  with  a  great  deal  of  interest  the  figures  which 
Mr,  Adams  contributes  regarding  the  triple-exjiansion  pumping 
engines  built  for  the  City  of  Boston  Sewerage  Department,  and 
which  Mr.  Allen  thinks  wore  tested  under  such  unfavorable 
conditions. 

The  only  comments  which  I  desire  to  make  on  the  tests  from 
which  he  quotes  are  these: 

An  engine  developing  as  low  as  T6  horse-power,  being  Engine 
No.  1  at  Charlestown,  is  inade  to  show  the  remarkable  result  of 
1.096  pounds  of  dry  coal  per  horse-power  per  hour. 

Engine  No.  2  at  East  Boston,  developing  238  horse-power, 
shows  1.17  pounds  of  dry  coal  per  horse-power  per  hour;  and 

Engine  No.  2  at  Deer  Island  1,33  pounds  of  dry  coal  per  horse- 
power per  hour.  These  results  are  so  remarkable  that  any  duties 
based  upon  them  require  an  explanation  of  how  it  is  possible  to 
obtain  such  low  fuel  consumptions  from  engines  of  so  small 
capacities. 

The  writer  agrees  very  fully  that  the  type  of  engine  used  at 
Albany  was  not  the  most  economical,  or  one  which  he  should 
adopt  for  the  services  there  required,  if  unfettered  by  first  cost. 
He  also  agrees  that  it  would  be  rather  lietter  if  the  title  of  the 
paper  ^vas  changed  to  read  "  Record  of  a  Test  on  a  Centrifugal 
Pumping  Plant  at  the  Albany  Filtration  Station." 
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Ko.  VOS.* 

THE   LOCOMOTIVE   EXHIBITS   AT   THE   PARIS 

EXHIBITION  OF  1900. 

BT  BTORX  BULL,  MADIMMI,  WIH. 

(Member  of  the  Society.) 

1.  Having  been  a  member  of  the  intematioBal  jury  of  awards  at 
the  last  exhibition  at  Paris,  and  having  spent,  as  such,  some  two 
months  and  a  half  there  last  summer,  it  was  thought  by  an  offiear 
of  onr  Society  that  I  could  furnish  a  review  of  the  transportatioiL 
exhibits  for  its  Transact  ions  j  notwithstanding  the  fact  that  I  mu 
not  a  judge  in  the  line  of  railway  exhibits,  nor  can  lay  claim  to  a 
special  competency  in  that  line.  I  desire  also  to  state  at  this  place, 
that  if  I  had  known  during  my  stay  at  Paris  that  I  should  be  called 
upon  to  write  a  paper  upon  this  subject,  I  should  have  taken  pains 
to  collect  material  for  it  over  there,  especially  in  the  line  of  illnstia- 
tions.  As  it  is,  I  have  to  be  satisfied  with  the  illustrations  ^diich  I 
have  been  able  to  gather  from  various  sources. 

I  desire  also  to  state  that  I  have  limited  my  paper  to  locomotireBy 
and,  therefore,  do  not  include  such  subjects  as  cars,  automobiles, 
and  bicycles,  which  all  properly  belong  to  the  transportation  ex- 
hibits. Each  of  these  subjects  should  be  treated  in  a  separate  paiier, 
and  there  is  no  question  tliat,  especially  with  respect  to  automobiles^ 
the  last  oxhildtion  at  Paris  contained  such  a  vast  amount  of  interest- 
ing material  that  it  is  a  pity  that  the  Transactions  of  the  Society 
should  not  contain  a  review  of  the  status  of  this  new  line  in  the 
methods  of  transportation  at  the  close  of  the  nineteenth  centuxy. 

2.  Tlie  railwav  exhibits  were  noarlv  all  installed  at  the  annex  of 
the  oxliil)ition  at  Vincenncs.  A  number  of  the  large  railway  com- 
panies in  Europe,  and  especially  of  France,  had  exhibits  at  the  main 
building  of  the  Cliamp  (\o  ifars,  but  these  consisted  principally  of 
photographs,  drawings,  and  statistical  documents.     The  only  looo- 


*  Presented  at  the  Milwaukee  meeting  (May,  1901)  of  the  Amerfosn  Sodsfrf  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXII.  of  the 
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motive  outside  of  Vinceimea  was  one  exhibited  by  Schneider  &  Cie., 
of  Creuzot,  France,  at  their  large  pavilion  on  the  bank  of  the  Seine 
□ear  the  Oiamp  de  Mars. 

A  special  building  had  been  erected  at  Vincennes  to  house  the 
locomotives  and  cars  exhibited.  It  consisted  of  ten  sheds  built  next 
to  each  other  and  containing  each  two  tracks,  the  total  length  of 
tracks  being  about  11,000  feet.  The  building  was  very  light  and 
airy,  the  only  objection  to  it  being  that  in  stormy  weather  rain  would 
occasionally  find  its  way  through  the  skylights,  to  the  great  detri- 
ment of  the  polished  machinery.  The  space  had  been  distributed 
among  the  various  nations  after  a  protracted  fight,  and  I  am  sorry 
that  I  have  to  state  that  the  United  States  had  made  a  poorer  use  of 
the  allotted  space  than  any  other  nation,  probably  because  of  the 
failure  of  parties  who  had  promised  to  exhibit.  Compared  with  the 
immense  importance  played  by  the  railway  companies  and  by  the 
raaniifacturing  interests  in  this  line  in  the  United  States,  our  part 
in  the  transportation  exhibits  was  lamentably  small.  This  is  greatly 
to  be  regretted,  as  without  question  there  are  few  lines  in  which,  i 
according  to  universal  opinion,  we  show  such  superiority  over  Euro- 
pean nations.  It  is  also  a  fact  that  one  of  the  branches  of  the  exhi- 
bition at  Chicago  in  1893  which  impressed  the  foreign  visitors  most 
vividly  was  our  transportation  exhibits,  and  this  was  aUo  very  ap- 
parent from  the  exhibits  of  several  continental  nations  at  Vin- 
cennes. One  could  not  help  noticing  that  American  ideas  had  been 
made  use  of  in  a  great  many  wave,  and  from  conversation  with 
interested  parties  it  was  soon  learned  that  the  Chicago  Exhibition 
was  responsible  for  a  large  share  of  the  changes  noticed. 

I  think  it  was  a  very  common  opinion  of  European  visitors  to 
the  Paris  Exhibition  that  it  was  not  very  striking  in  the  line  of  trans- 
portation exhibits,  and  this  again  is  explained  by  the  same  fact  that 
they  compared  the  transportation  exhibits  from  the  United  States 
at  Paris  with  those  at  Chicago,  where  the  European  visitors  had  re- 
ceived such  a  strong  impression  of  the  superiority  of  our  railway 
appliances  in  general.  But,  on  the  other  hand,  if  the  exhibition 
was  not  verv  striking,  it  was  both  very  large  and  tiue.  That  it 
was  large  vnW  be  realized  at  once  from  the  fact  that  it  contained  66 
different  locomotives  and  165  cars  of  various  kinds.  The  space  al- 
lotted— especially  to  France  and  Germany — was  very  crowded,  and 
I  was  informed  that  both  countries  had  to  refuse  interesting  exhibits 
because  of  lack  of  space,  which  might  easily  have  been  supplied 
by  both  the  United  States  and  Russia,  the  two  nations  which,  it 
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was  very  apparent,  on  all  occasions  received  the  highest  favots  frcHii 
the  French — ^both  officially  and  unofficially. 

«3.  Before  passing  on  to  the  subject  of  this  paper,  it  is^  perhaps^ 
proper  first  to  state  that  it  was  very  unfortunate  that  it  was  found 
necessary  to  locate  the  transportation  exhibits  at  Vincehnes — some 
seven  miles  from  the  main  part  of  the  exhibition.  From  the  statis- 
tics of  the  entries  to  the  exhibition  it  is  plain  to  see  that  not  one- 
tenth  of  the  whole  number  of  visitors  ever  came  to  Vincennes^  the 
reason  being  principally  that  the  distance  was  so  great  that  it  took 
about  an  hour  and  a  half  to  go  from  Champ  de  Mars  to  Vincennes; 
and  then  if  a  visitor  managed  to  get  to  the  park  of  Vincennes^ 
it  was  even  then  quite  difficult  to  find  the  various  exhibits  located 
there,  the  part  of  the  park  set  apart  for  exhibition  purposes  being 
very  large,  and  with  its  winding  paths  giving  one  the  impression 
of  a  labyrinth,  in  which  it  was  quite  difficult  to  go  from  one  build- 
ing to  the  next.  It  is  not  to  be  wondered  at,  therefore^  that  all 
exhibitors  who  had  to  place  their  exhibits  at  Vincennes  complained 
bitterly,  and  the  only  excuse  for  the  authorities  responsible  for  this 
state  of  affairs  must  be  sought  in  the  fact  that  the  call  for  space 
was  so  much  larger  than  anticipated,  so  that  it  was  impossible  to  find 
room  for  all  at  the  main  exhibition  grounds. 

To  an  American  there  were  certainly  a  great  many  new  and  un- 
usual things  to  see  among  the  exhibits  at  Vincennes.  European 
practice,  both  in  locomotive  and  car  building,  is  so  very  different 
from  tliat  in  the  United  States,  and  as  more  than  nine-tenths  of  the 
exhibits  were  of  European  origin,  t\w  large  array  of  engines  and 
cars  certainly  presented  an  imusual  appearance.  But  there  were 
also  quite  a  few  novelties  in  design,  and  it  is  my  opinion  that  several 
of  these  really  were  decided  improvements  over  the  ordinary  types. 
However,  the  first  strong  impression  an  American  visitor  would  get 
bv  viewing  the  European  locomotives  was  that  their  size  had  been 
very  greatly  increased  in  the  last  few  years.  Persons  who  had  been 
familiar  in  the  past  with  European  engines  knew  that  these  had 
alwavs  been  verv  much  smaller  than  those  in  the  IJzdted  Statee— 
that  in  fact  they  looked  like  dwarfs  compared  Avith  the  latter.  Bat 
at  Vincennes  a  large  number  of  those  exhibited  could  very  well 
be  compared  with  our  0A\'n  as  to  size  and  capacity.  This  is  espe- 
cially tnie  with  reference  to  passenger  engines,  the  large  size  of 
these  having  become  a  necessity  because  of  the  high  speed  and  great 
weight  of  a  number  of  express  trains  now  being  run  in  varions  eonn- 
tries,  especially  in  France,  Great  Britain,  and  Germany.     Even 
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Russia  exhibited  some  very  large  engines,  one  especially  which,  if 
I  am  not  mistaien,  was  the  largest  of  the  whole  exhibition,  with  the 
exception  of  the  one  exhibited  by  the  Creuzot  Works  at  the  Champ 
de  Mars. 

Another  feature  which  oue  could  not  help  uotiee  nt  once  was  that 
fully  one-half  of  all  the  locomotives  exhibited  were  compound.  It 
is  probably  also  true  that  about  half  of  all  the  engines  built  now  on 
the  continent  of  Europe  are  compounds,  so  that  the  exhibition  gave 
a  true  picttire  of  this  industry.  In  this  respect  I  think  that  thoy 
are  ahead  of  us,  as,  although  some  railroads  in  this  country  are  get- 
ting quite  a  good  many  compounds,  in  the  majority  of  cases  it 
seems  that  an  ultra-conser^'atism  keeps  us  back.  This  statement 
assumes,  of  course,  that  the  compound  locomotive  is  an  advajice  over 
the  single  expansion  one,  and  this  opinion  is  now  backed  by  nearlj- 
all  competent  authorities  in  Europe,  possibly  outside  of  Great 
Britain.  The  statement  ought,  however,  to  be  qualified  to  this 
extent,  at  any  rate,  that  it  does  not  apply  to  all  kinds  of  service,  but 
certainly  to  all  through  trains.  There  were  compound  engines 
shown  of  every  conceivable  design  and  combination;  with  two, 
three,  and  four  cylinders,  and  these  arranged  like  the  Vauclain, 
or  two  inside  and  the  two  others  outside  the  frame;  or  again,  as  on  a 
Bussian  engine,  tandcra  fashion  outside  the  frame.  On  the  French 
compounds  the  de  Glehn  system  seemed  almost  universally  in  use. 
In  this  the  high-pressure  cylinders  are  placed  outside  of  the  frame, 
somewhat  behind  the  smoke-box,  whereas  the  low-pressure  cylinders 
are  placed  inside  the  frame  and  directly  below  the  smoke-box,  and 
they  are  coupled  with  a  different  pair  of  driving  wheels  from  that 
to  which  the  higli-pressure  cylinders  are  coupled.  This  system  was, 
as  is  well  known,  first  adopted  by  the  ^Northern  Railway  of  France, 
but  has  since  been  introduced  into  all  of  the  French  railway  com- 
panies, including  those  belonging  ti>  the  state,  and  it  is  the  universal 
opinion  that  these  engines  are  doing  excellent  service.  Engines 
iif  this  kind  are  now  pulling  the  fastest  long-distance  train  in  the 
world — the  fast  express  between  Paris  and  Bayonno,  in  southern 
France.  As  a  matter  of  fact,  it  may  be  stated  that  nearly  all  the 
fast  trains  in  France  are  at  the  present  time  being  jmlled  by  com- 
pound engines.  The  objection  which  has  been  advanced  by  so 
many  in  this  country  against  the  compound  locomotive — that  it 
costs  BO  much  to  keep  it  in  repair — has  certainly  been  overcoroe  by 
the  continental  designs,  as  is  proven  by  the  records  of  these  engines 
during  the  last  few  years. 
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As  is  well  knonii.  the  valve  gears  on  nearly  all  ooBliiieiital 

ar«-  placed  out-ide  rhe  frame,  ar  lea^t  where  the 
placed  out-ride  the  frame.  ThL*  was  also  the  caae  with  the 
giner;  exhibited  at  Vineezmes.  This  peculiaritr  is,  presamaUj^  die 
to  the  fact  that  continental  designers  almost  always  uae  the  Wid- 
ji^rhaert  valve  motion,  for  which  it  is  almost  neceaeaiy  to  be 
to  the  crosfthead.  This  universal  use  of  this  valve  motion 
striking  in  view  of  the  fact  that  it  has,  to  a  great  extent,  lepleeed 
the  .Stephenson  motion,  although  this  never  was  in  such  m  umveiMl 
use  as  it  is  here  in  the  United  States.  There  is  no  donbfc  tliet  the 
placing  of  all  these  levers  and  links  which  are  neceasny  for  the 
Wals^rhaert  motion  outside  of  the  frame  and  drivers  makes  them 
vf:ry  liable  to  injury  when  the  smallest  accident  occni&  Qn  the 
other  hand,  the  designers  insist  that  thev  can  get  better  resuhi 
as  to  steam  distribution  with  it  than  with  the  Stephenacm  motioBi 
and  all  these  polished  levers,  cranks,  and  links  in  plain  ai^t  cer- 
tainly Irxjk  very  pretty.  The  contrast  to  this  arrangement  ifl^  as  h 
well  known,  found  in  the  English  locomotives,  where  eTBiything 
is  concealed  b^ind  the  frames.  Some  engines  of  thia  type 
were  als^^  exhibited  bv  other  countries — notablv  from  Switzerland 
— but  taking  it  altogether  it  seems  that  this  is  destined  to  remain 
the  peculiarly  English  type.  It  might,  perhaps,  be  appropriate  to 
state  at  this  place  that  the  English  exhibit  in  this  line  waa  radur 
better  than  in  almost  all  other  directions,  the  exhibit  of  T^^g**^ 
bf-ing  in  general,  as  is  well  kno\\Ti,  very  poor,  so  that  even  ita  rail- 
way exhibit  did  not  come  up  to  what  one  had  the  right  to  ezpeet 
from  a  country  like  England,  which  in  times  past  has  supplied  ao 
many  countries  of  the  plobe  \\*ith  locomotives  and  cars.  "K^g**^ 
exhibited  only  five  engines,  all  of  which,  however,  were  veiy  fine- 
looking  s[>ecimens,  and  of  which  only  one  was  a  compound  of  the 
Webb  type.  In  this  respect  it  seems  that  England  is  veiy  oonaerva- 
tive  as  compared  with  continental  nations.  It  could  not  help  being 
noticed  that  even  England  exhibited  only  one  single-conpled  en- 
gine, whereas  only  a  few  years  ago  nearly  all  their  enginea  for  fut 
passcjnger  service  were  of  this  type,  just  as  in  France  thia  type 
seems  to  have  been  aliandoned  in  favor  of  the  four-coupled  «ngiiiA- 
If  I  remember  correctly,  there  was  but  that  one  engine  with  one 
driving  axle  exhibited,  so  that  it  is  very  plain  that  in  thia 
our  practice  of  having  four-coupled  driving  wheels  for  our 
engines  has  won  over  the  whole  line.  It  ought,  perhaps,  to  be  ataiad 
that  the  sudden  and  rapid  introduction  of  this  type  into  Franoe  IM,  to 


-'••• 


LOCOMOTIVE   ESHIHrrs   at  the    PARIS    EXHIBITION   OF    1900.       847 

a  great  extent,  due  to  the  fact  that  the  de  Glehn  compound  has  be- 
oome  the  standard  for  all  hea\y  and  fast  passenger  service  in  that 
country,  and  for  this  type  of  compound  engines  two  driving  axles 
are,  as  is  well  known,  a  necessity. 

Nearly  all  the  engines  exhibited  presented  a  very  tasty  appear- 
ance. Presumably,  most  of  them  had  been  built  and  finished  spe- 
cially for  the  exhibition,  and  this  may,  to  a  certain  degree,  account 
for  the  uniformly  high  tinish  of  nearly  all  engines  shown.  However, 
there  was  a  good  deal  of  difference  also  in  this  resjwct  between  the 
various  exhibits,  and  it  is  the  writer's  opinion  that  in  the  line  of 
locomotives,  perhaps  as  much  as  in  the  line  of  steam  engines,  the 
finish  of  the  Swiss  locomotives,  those  shown  by  the  Winterthur 
Locomotiven  Fabrik  had  the  most  beautiful  finish  of  any  shown  at 
the  exhibition.  The  writer  has  heard  people  speak  with  a  kind  of 
contempt  of  this  "  watch  finish,"  as  they  call  it,  and  he  has  also  seen 
the  same  in  print.  But,  nevertheless,  he  cannot  help  but  admire 
it-  As  he  has  stated  in  another  paper,  such  finish  does  not  make 
the  engine  essentially  better,  but  it  looks  better,  and  if  such  finish 
can  help  the  sale  of  an  engine  it  certainly  should  be  put  on.  The 
argument  is  of  course  that  the  engines  shown  at  Vincennes  had  been 
finished  much  better  than  the  ordinary  engines  built  This  is,  aa 
stated  before,  no  doubt  true  to  a  certain  extent,  but  the  fact  re- 
mains the  same,  nevcrlheless,  that  the  best  European  engines  are 
better  finished  than  the  best  from  the  United  States  as  they  are 
both  built  in  ordinary  practice.  Some  people  have  imagined  that 
the  finish  consists  simply  in  leaving  more  of  the  parts  bright  and  not 
painted.  This  is,  at  any  rate,  not  the  opinion  of  the  writer.  A 
certain  number  of  parts  must  of  necessity  be  left  bright,  and  the 
difference  in  finish  will  at  once  he  apparent  from  the  difl'erent  de- 
gree of  smoothness  of  the  surfaces.  But,  in  addition,  a  difference 
in  finish  will  perhaps  be  even  more  apparent  from  the  degree  of 
smoothness  of  the  painted  surfaces  both  of  the  stationary  and  mov- 
ing parts,  and  anybody  who  at  all  examined  the  locomotive  exhibits 
at  Yincennes  could  not  help  noticing  the  beautiful  smooth  surface 
of  the  painted  parts  of  a  good  many  of  the  European  locomotives, 
and,  as  I  must  say  to  my  great  regret,  in  contrast  vdth  those  exhibited 
from  the  t'liited  States,  these  latter  being  in  every  other  respect  fully 
the  equal  of  the  former.  It  would  not,  perhaps,  be  policy  to 
tion  these  facts  here,  except  for  the  reason  that  also  in  other  lines 
of  machinery  the  exhibition  showed  that  we  did  not  put  as  much 
work  on  our  macliines  for  finish  as  most  of  the  foreigners  do,  and 
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as  they  seem  to  demand  over  there,  and  because  of  this  it 
to  the  ^^Titer  that  one  of  the  lessons  which  we  should  try  to  learn 
from  the  Inst  exhibition  is  that,  if  we  desire  to  increase  our  export 
trade  in  machinery  in  general,  we  should  try  to  finish  the  products 
in  several  lines — not  in  all — better  than  we  do  at  present.  The 
writer  has  heard  this  from  disinterested  persons  from  various  na- 
tions at  Paris  last  summer,  and  he  feels  it  his  duty  to  repeat  it  heie. 

The  number  of  locomotives  exhibited  was,  as  stated  before,  68, 
the  number  contributed  by  the  various  countries  being  as  foUo^re: 

France,  IG;  Germany,  14;  Austria,  G;  Belgium,  6;  Switzerland, 
5;  Eussia,  5;  Great  Britain,  5;  Hungary,  3;  Italy,  3;  and  the  United 
States,  3.  Of  these  locomotives  there  were  57  for  standard  gauge 
and  9  for  narrow  gauge  of  various  widths.  Of  the  57  locomotiyeii 
for  standard  gauge  there  were  32  for  express  service,  3  for  ordinaiy 
passenger  service,  11  freight  locomotives,  10  tank  locomotivefl,  and 
1  for  mountiiin  service  for  rack  railway.  Of  the  narrow-gauge 
locomotives  7  were  tank  locomotives  and  the  other  2  were  provided 
with  separate  tenders. 

There  were  in  all  34  compound  locomotives,  or  1  more  than  half 
of  the  total  nunil)er  exhibited.  Of  these  onlv  1  was  for  narrow 
gauge,  17  of  the  compounds  had  four  cylinders,  and  14  of  these  again 
were  designed  for  fast  passenger  s(*rvice,  the  3  others  for  freight 
6e^v'ic(^  There  was  1  comjiound  with  3  cylinders,  this  one  being 
designed  for  ordinary  passenger  service.  There  were  15  compound 
locomotives  with  2  cylinders,  of  wliich  7  were  to  be  used  for  express 
service,  2  for  ordinary  passenger  service,  5  for  freight  trains,  and 
1  was  a  tank  locomotive. 

Twenty-one  of  the  locomotives  had  four-coupled  wheels  and  had, 
besides,  2  other  axles,  IS  of  these  21  being  destined  for  express  ser- 
vice. It  will  be  noticed  from  this  that  this  type  of  engine,  which 
is  now  so  very  po]>ular  in  this  country  for  passenger  service,  is  also 
becoming  the  ])rcvMiliiig  type  in  Kurope. 

4.  Tlic  princi^Kil  dimciisiMiis  and  weights  of  the  locomotives 
exhibited  will  be  clearly  seen  from  the  follo\j'ing  table  as  well  as 
from  the  schematic  outline  sketches  of  the  various  engines  ex- 
hibited, l)4»tli  tables  and  illustrations  being  mostly  taken  from  the 
ZrUschrlfl  fJfs  \'r reins  J)nilsrhn'  I Hf/rnieurc  (Figs.  311  to  316).  It 
will  be  very  apparent,  from  an  inspection  of  both  plates  and  illustra* 
tions,  that  a  great  many  types  were  represented,  but  it  should  te 
stated  at  once  that  as  a  whole  the  exhibition  gave  a  correct  idea  of 
the  ty])es  of  locomotives  which  are  being  built  at  the  pi'esent  day  ia 
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thevarioua  countries,  and  not  of  the  present  equipment  of  tl 
railwaya.  This  was  especially  true  of  France,  Germany,  Austria, 
Hungary,  aad  Switzerland,  and  to  a  certain  extent  also  of  Russia, 
which  surprised  everybody  with  its  exhibit.  The  design  of  the  loco- 
nKitives  of  this  last-named  country  was  really  original  in  a  great 
many  ways,  and  although  it  seemed  to  the  writer  that  somewhat  too 
much  extra  finish  and  bright  paint  had  been  put  on  for  exhibition 
purposes,  the  workmanaliip  appined  very  good.  In  passing,  it 
might  also  he  noted  that  Kussia  exhibited  the  largest  locomotives 
with  the  exception  of  the  one  shown  by  Creuzot  at  Champ  de  Mais. 
It  was  quite  surprising  that  llussia  should  have  made  such  a  good 
showing  in  this  line,  as  it  must  be  remembered  that  the  width  of  the 
gauge  is  different  in  Bussia  from  that  in  the  remainder  of  Europe, 
necessitating  special  axles,  and  because  in  several  cases  it  was  found 
necessary  to  take  the  locomotives  to  pieces  on  account  of  the  differ- 
ence in  the  profile  of  the  Russian  railway.^. 

The  Gennan  exhibition  was,  taken  as  a  whole,  perhaps  the  most 
instructive  of  all — 1-t  locomotives,  all  of  different  design  and  made 
for  different  purposes.  In  this  connection  it  might  be  mentioned 
that  the  nine  German  exhibitors  arranged  among  themselves  be- 
forehand what  each  individual  firm  was  to  exhibit,  and  this  for 
the  purpose  of  showing  as  large  and  as  pood  a  selection  of  German 
locomotives  in  Paris  as  possible,  in  which  object  they  certainly  were 
vcr\'  successful. 

France,  naturally  enough,  showed  the  largest  number  of  locomo- 
tives; hut  the  vai'iety  was  not  as  great  as  in  the  ease  of  Germany. 
However,  a  number  of  very  fine  specimens  were  shown,  and  the 
exhibition  gave  a  very  excellent  idea  of  the  new  equipment  of  the 
French  railways. 

The  Belgian  exhibition  was  quite  a  disappointment  to  most  visi- 
tors, because  the  6  locomotives  exhibited  were  all,  with  one  excep- 
tion, built  after  English  models,  whereas  the  new  equipment  of  the 
Belgian  railwaya  in  general  is  quite  different,  this  being  e.specially 
true  of  the  locomotives  for  heavy  passenger  seiwice,  of  which,  how- 
ever, there  waa  only  one  shown.  The  workmanship  was  good,  but, 
as  stated,  there  was  nothing  new  or  original  in  any  of  the  locomo- 
tives shown. 

Great  Britain  exhibited  5  express  locomotives — all  of  them  of  the 
purest  English  type.  Xothing  further  needs  to  be  said  about  these 
except  that  the  finish  on  these  engines  was  altogether  overdone; 
nickel-plated  couplers  and  buffers,  polished  springs  and  bearings, 
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etc.,  etc.,  may  perhaps  impress  the  ignorant  pnblic,  but  to  the  engi- 
neer it  looks  more  or  less  like  a  show. 

Switzerland  has  only  one  factorj'  for  locomotives^  but  this  faotoiy' 
exhibited  no  less  than  5  engines,  all  of  different  size  and  type,  and 
showing  both  excellent  design  and  workmanship.     Everybody  who 
saw  these  locomotives  could  not  help  but  admire  the  taste  and  neat- 
ness sho\\Ti  in  the  decoration  and  finish. 

A  number  of  the  locomotives  exhibited  at  Paris  have  been  se- 
lected by  the  ^vriter  for  further  and  more  detailed  illustration.' 
Some  of  these  have  been  selected  because  they  represent  the  best 
and  newest  standard  in  European  practice;  others,  sg&iny  becauB 
they  distinguish  themselves  by  originality  of  design,  going  so  far 
even  in  some  instances  as  to  become  almost  ^^  freaks."  In  addition 
to  these,  the  three  Baldwin  engines  sho^vn  at  Paris  are  illustrated, 
although  these  engines  hardly  come  under  either  of  the  above  cate- 
gories. I  am  indebted  to  the  Baldwin  Locomotive  Works  for  the 
photographs  from  which  these  illustrations  are  taken;  the  othen 
have  been  taken  from  either  the  londorr  Engineer  or  Engineenng, 
to  whom  the  writer  desires  to  express  his  obligations. 

4>.  The  first  locomotive  illustrated  in  detail  is  a  fourisylinder 
compound,  made  for  the  Northern  Railway  of  France  by  the  Soci£t6 
Alsacienne  de  Belfort  (Figs.  31 7  to  821).  It  is  built  on  the  de  Olehn 
system,  M.  de  Glehn  being  the  director  of  the  Societe  Alsacienne. 
As  has  already  been  pointed  out,  this  style  of  engine  has  now  become 
the  standard  for  heavy  and  fast  passenger  trains  on  all  the  seven  rail- 
way companies  of  France.  The  railway  company  really  exhibited 
two  of  these  engines,  one  of  which,  ho\yever,  was  not  at  Yincennes^ 
but  was  used  for  making  experimental  nins  principally  between. 
Paris  and  Calais.  The  performances  of  this  latter  engine  were  truly 
remarkable  and  have  created  a  great  deal  of  well-deserved  attention. 
The  country  through  which  the  road  runs  is  not  level;  on  the  con- 
trary, there  are  a  number  of  grades,  some  of  them  quite  heavy  and 
very  long.  On  a  continuous  grade  of  1  in  125  and  8  miles  long  this 
engine  pulled  a  train  weighing  300  tons — exclusive  of  engine  and 
tender — at  a  speed  which  never  was  less  than  52.2  miles  per  hour; 
another,  not  quite  so  heavy  grade,  2G  miles  in  length,  was  begun 
with  a  speed  of  3  miles  per  hour;  the  speed  rapidly  rose  to  40,  60, 
60,  and  62.5  miles  per  hour,  which  latter  speed  was  maintained  for 
the  larger  part  oi  the  grade  and  to  the  summit.  Hauling  a  train 
weighing  405  tons,  this  engine  made  81  if  miles  in  79^  minutes;  and 
with  340  tons  behind  the  tender  the  time  was  73  minutes,  and  with 
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253  tons  only  71  minutes.  A  distance  of  103 J  miles  was  passed 
over  in  96  minutes  with  the  last-named  weight  of  train.  Again,  a 
train  weighing  I>40  tons  was  pulled  on  the  level  at  a  speed  of  72 
miles  per  hour  and  continuously.  Such  performances  as  these,  it 
seems  to  the  writer,  are  truly  remarkable,  and  it  should  also  be 
noticed  that  the  railway  company  is  perfectly  satisfied  with  these 
engines  both  in  regard  to  economy  and  repairs.  The  illustrations 
do  not  need  any  explanations;  there  are  three  cross  sections,  one 
longitudinal,  and  one  horizontal  section. 

G.  A  similar  engine,  exhibited  by  the  Eastern  Railway  of 
France,  is  also  illustrated  by  three  cross  sections  and  one  longitudinal 
section,  and  besides  by  an  exterior  view  (Figs.  322  to  326).  As  will 
be  seen,  the  details  differ  somewhat  from  those  in  the  locomotive  ex- 
hibited bv  the  Xorthem  Kailwav,  and  it  is  for  this  reason  and  be- 
cause  of  the  general  excellency  possessed  by  this  class  of  engines,  as 
proven  by  the  record  made,  that  two  such  similar  ones  are  shown.  It 
might,  perhaps,  not  be  out  of  place  to  mention  the  fact  that  one  of 
the  advantages  claimed  by  tlie  makers  of  the  de  Glehn  four-cylinder 
compounds  is  that  they  start  so  easily,  the  valve  gear  being  arranged 
in  such  a  manner  that  live  steam  may  be  sent  to  the  low-pressure 
cylinder  whiU*  at  the  same  time  the  exhaust  from  the  high-pressure 
cylind(a*  passes  to  the  stack  directly.  It  is  also  evident  that  the 
arrangement  of  having  the  high  and  low  pressure  cylinders  coupled 
to  two  different  <lriving  axh^**  will  contribute  to  making  the  engine 
run  easier  if  the  cranks  are  ])ut  at  the  proj>er  angle  towards  each 
other.  As  com]>ared  with  the  two-(»vlinder  compound,  or  even  with 
the  four  cylinder  of  the  Vauclain  type,  the  de  Glehn  compound 
necressarily  has  more  ])arts,  and  therefore  will  cost  somewhat  more 
than  either  of  the  others.  l>ut,  again,  here  the  manufacturers 
claimed  an  advantaize  in  the  fact  that  they  do  not  need  to  make  the 
various  piirts  as  large  or  heavy  as  when  all  the  power  developed  by 
the  steam  on  one  side  of  the  engine  shall  be  transmitted  through 
one  rrid  and  crank  pin,  and  still  leave  them  large  enough  to  prevent 

anv  heatinu"  of  th(^  ])ins,  which  otherwise,  with  the  now  usual  heavv 

111  ^ 

and  fast  ])asscni>('r  trains,  is  such  a  common  occurrence  when  tJie 
ordinary  engines  are  used.  It  certainly  is  a  fact  that  during  the 
extensive  experimental  rnnninii"  of  the  <Migine  of  the  Xorthem  Rail- 
way, and  with  very  heavy  trains,  there  was  no  time  lost  because  of 
hot  pins  or  betirings. 

Befon*  th(^  present  tvpe  of  fonr-cvlinder  compounds  was  adopted 
by  the  French  Tiailways  a  number  of  years  were  spent  by  several  of 
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the  railways — especially  the  Xorthem  and  Western — ^in  determin- 
ing by  careful  and  costly  experiments  which  type  of  engines  was 
best  adapted  for  their  service,  and  it  was  only  on  the  conclusion  of 
this  experimental  work  that  the  rapid  introduction  of  the  de  Glehn 
locomotive  was  started. 

7.  A  three-cylinder  compound  locomotive,  made  by  the 
Schwcitzcrische  Locomotiven  und  Maschinen  Fabrik  at  Winterthur, 
is  illustrated  by  two  cross  sections,  one  longitudinal  and  one  hori- 
zontal section  (Figs.  IV27  t<»  »330).  This  locomotive  was  made  for 
the  Jura  Simplon  Railway,  and  is  in  every  way  a  very  fine  specimen. 
Th(*re  is,  however,  nothing  unusual  to  note  about  this  locomo- 
tives the  details,  which  are  very  good,  being  plainly  shown  by  the 
illustrations. 

S.  .Vs  another  standard  compound  engine — the  one  made  by 
the  same  firm  for  the  Xortheasteni  Railway  of  Switzerland  is  11- 
lustrate<l  in  Figs.  331  and  332.  It  has  only  two  cylinders,  and  is  de- 
signed to  carry  heavy  and  fast  passenger  trains  up  very  steep  grades. 
It  should,  however,  be  understood  that  there  are  no  trains  in  Swit- 
zerland which  wo  would  call  fast  trains,  whereas,  necessarily,  the 
♦trades  arc  vorv  heavv.  Tliis  locomotive  also  shows  the  same  careful 
design  as  the  other  locomotives  exhibited  by  the  same  firm,  and,  as 
stated  before,  the  workmanship  could  not  be  any  better. 

The  other  engines  illustrated  all  have  some  original  parts  which 
distinguish  them  from  the  onlinarv  engines  made,  and  among  them 
there  are  several  which  poss(»ss  features  which  may  become  of  great 
iiii])ortancc  in  the  future. 

U.  The  first  of  these  locomotives  which  the  writer  deems  of 
siiili<Mcnt  importance  to  be*  illustrated  in  the  Transactions  of  the 
A.  S.  il.  E.  is  one  made  by  IWsig,  of  J>(»rlin.  It  is  shown  in  three 
crr>ss  sections  ( Fii:s.  333  to  3'»r) ),  illustrating  lu'incipally  the  siiper- 
liciitcr,  which  is  tlie  main  distinguishing  feature  of  this  locomotive, 
ninl  also  an  exterior  view  which  shows  the  large  smoke-box 
made  neccssarv  by  tli(?  sui)erlieater  which  is  installed  there  (Fig. 
3')<5).  The  tirst  cross  section  is  one  tlmnigli  tlie  smoke-box  and 
sii])('rhcater  l<»oking  backwards;  the  second  is  a  horizontal  section 
through  tlie  smoke-box  and  siij)erheat(a*  near  the  top,  and  the  third 
ligiire  is  an  outside  view  of  the  smoke-box,  the  front  having  been 
removed.  The  locomotive  proper  is  of  th(j  Standard  Prussian  Rail- 
way type.  The  superheater  is  built  according  to  the  Schmidt 
patent,  and  consists  of  a  nest  of  00  tubes  of  1^  inches  outside 
diameter.     These  are  arranged  in  a  cylindrically  sliaped  chamber 
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aurroimding  the  smoke-box  projier.  Tlie  flue  gases  used  for  super- 
lioatiug  tlic  steam  coiiie  through  a  tube  10  iiiclies  in  diameter,  in- 
stalled in  place  of  a  sutKeient  uumber  ot  small  tubes  at  the  bot- 
tom of  the  cylindrical  boiler.  The  gases  from  this  tube  pass  op 
and  around  these  tubes  and  from  them  into  the  stack.  The  10-. 
inch  tube  serves,  of  course,  to  beat  the  water  in  the  boiler,  but  the 


diameter  being  so  largo  the  gases  arrive  at  the  superheater  without     I 
having  lost  very  much  of  tiie  lieat.     By  means  of  dampers  more     | 
or  less  of  these  gases  may  be  made  to  pass  through  the  Biiper-     i 
lieatcr,  niid  besides  this  regulation  by  hand,  the  amount  of  Taeunm     ' 
due  til  the  Must  will  nlso  inllncncc  this  flow.    The  greater  the  power 
developed  by  the  Im-iiiiiDrivc  the  fiTcatcr  the  vacuum,  and,  neces- 
siirily,  iilsrt  the  grejiter  the  iun<nint  of  gjises  that  will  come  to  the 
siipcihcjitir.    It  i^  rft:it<  il  that  thi:*  superlicater  is  capable  of  raisiiut 
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the  tcinporaturo  of  steam  of  IH\  ll)s.  i)rossin'e  to  020  degrees  Fahr., 
which  is  a  superheat  of  nearly  250  degrees  Fahr.  Ordinarily  the 
temperature  used  is  only  about  570  degrees  Fahr.  The  tempera- 
ture of  th(»  ii'ases  is  rcMhiced  about  1,400  degrees  Fahr.  by  being 
passed  through  the  superheater.  The  details  of  the  superheater  will 
be  seen  upon  inspection  of  the  ilhistrations.  It  is  perhaps  sufficient 
to  state  that  the  steam  enters  the  superheater  through  a  header  into 
which  the  GO  tubes  are  expanded,  this  header  having  a  transverse 
diaphragm,  so  that  the  steam  must  pass  through  30  of  the  tubes 
over  to  the  other  header  into  which  the  other  ends  of  the  tubes  have 
been  ex])anded,  and  from  this  lieader  the  steam  flows  back  through 
the  remaining  30  tubes  to  the  first  lieader,  but  into  a  portion  of  it 
separated  from  that  part  of  it  into  which  the  steam  first  enters  by 
the  diaphragm.  The  engine  exhibited  at  Paris  is  the  third  one 
made  for  the  Prussian  State  Railways,  the  first  two  having  been 
made  l)y  the  Vulcan  Works  of  Stettin.  The  results  obtained  by 
the  first  two  locomotives  provided  with  superheaters  were  very 
satisfactory  it  seems,  and  this  third  one  was  of  course  designed  in 
such  a  manner  as  to  overcome  such  small  difficulties  as  had  been 
found  in  the  first  two  experimental  engines.  The  makers  expect 
to  realize?  an  increase*  in  the  boiler  horse-power  of  about  33  per  cent., 
and  without  material  increase  of  size,  25  per  cent,  saving  in  coal  and 
33  per  cent,  decrease  in  the  consumption  of  water.  The  locomotive 
exhibited  was  an  ordinary  twin  engine,  but  there  is  no  doubt  that 
the  saving  for  a  com])ound  would  be  equally  as  great.  The  only 
question  w<;uld  be,  assuming  a  great  gain  in  efficiency  of  the  or- 
dinary twin  engine  duo  to  the  superheating,  whether  it  would  pay 
to  use  compound  locomotives  with  the  complications  and  disadvan- 
tages connected  with  this  class  of  engines. 

It  is  hardly  necessary  to  state  that  the  engine  in  all  respects  was 
up  to  the  high  standard  maintained  by  the  firm  of  Borsig. 

10.  Tlic  I'oiir-cylindcr  compound  (exhibited  l)y  Maifei,  of 
^liinicli,  belnngsto  the  Mallet  ty])e  r)f  compounds  (Kigs.  337  to  340). 
The  peculiarity  of  this  ty]>e  consists  in  the  fact  that  the  axles  are  di- 
^'i(led  into  two  groups,  each  gi-ouj)  being  coupled  to  two  cylinders.  In 
the  locomotive  exhibited  tluj  rear  group  was  rigid  with  the  boiler  and 
was  driven  by  tlie  high-pressun*  cylind(»rs,  whereas -the  forward 
group  was  ficxibh^  and  was  driv<'n  by  th(»  low-]>ressure  cylinders.  The 
Mallet  system  was  originally  designed  for  narrow-gauge  roads,  and 
later  was  used  for  mountain  roads  with  ordinary  gauge  but  with 
curves  of  small  radii ;  but  tliis  locomotive  had  been  built  fortheBava- 
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rian  State  Kailwaya,  it  being  the  opinion  of  the  makers  that  this  type 
of  engine  liavinR  proved  so  very  efficient  on  luoiintaiu  roads,  there  \vas 
no  reason  why  it  should  not  be  just  aa  efficient  for  ordinary  railways. 
The  loeomolive  is  illustrated  by  several  cross  sections,  one  longitu- 
dinal, and  one  horizontal  section.  The  details  of  the  engine  will 
be  very  plainly  seen  from  these  illustrations,  and  the  only  thing 
calling  for  comment  are  the  peculiarities  connected  with  the  sub- 
division of  the  axles  and  wtieels  into  two  groups.  Necessarily,  tho 
steam  connection  between  the  high  and  low  pressure  cylinders  must 
be  a  flexible  one;  this  connection  forms  a  receiver  and  is  placed  in 
the  longitudinal  axis  of  the  frame.  At  its  forward  end  it  is  fitted 
with  a  corrugated  and  clastic  sleeve  which  accommodates  itself  to  the 
deflections  of  the  track.  The  forward  portion  of  the  boiler  is  sup- 
ported by  a  frame  which  is  fixed  to  the  rear  end  of  tho  frame  by 
means  of  a  vertical  hinge  joint  between  the  two  groups  of  axles. 
The  boiler  is  fixed  rigidly  to  the  rear  frame,  and  in  order  to  pre- 
vent a  too  great  mobility  of  the  fonvard  frame  a  pair  of  horizontal 
springs  is  installed  beneath  the  smoke-box,  which  springs  bear 
against  the  support  of  the  amoke-box.  These  details  will  be  seen 
quite  plainly  from  the  illustrations.  It  sliould  also  be  stated  that 
there  are  now  several  similar  engines  working  very  satisfactorily  on 
the  Bavarian  State  Railways. 

11.  One  of  the  great  curiosities  of  the  Paris  Exhibition  was, 
in  the  opinion  of  the  writer,  the  huge  locomotive  exhibited  by 
Schneider  Ar  Cie.  in  their  pavilion  on  the  Champ  de  ilars.  It  was, 
taking  it  altogether,  the  most  powerful  engine  shown,  as  can  be 
readily  seen  from  the  tabie  which  contains  the  principal  dimensions, 
weights,  etc.,  of  the  locomotives  shown  (Figs.  341  to  346).  It  was 
built  as  an  experimental  engine,  and  before  the  opening  of  the  expo- 
sition a  large  number  of  experimental  runs  were  made.  It  was  do- 
signed  to  move  trains  weighing  220  tons  behind  the  tender  at  a  speed 
of  120  kilometers,  or  about  75  miles,  per  hour  on  the  level.  The  en- 
ergy developed  amounts  to  from  1,800  to  2,000  horse-power,  which 
certainly  is  a  very  formidable  amount.  It  has  made  more  than  100 
miles  per  hour,  hut  as  such  speeds  are  not  allowed  in  France,  the 
maxinnmi  allowed  on  the  very  best  roadbeds  in  France  being  hut 
74.C  miles,  a  speed  of  100  miles  has  at  present  no  practical  value 
in  that  country.  A  special  permission  was  granted  for  the  particular 
run  when  this  speed  was  reached.  One  of  the  features  of  the  loco- 
motives, and  which  ia  not  apparent  to  the  ordinary  onlooker,  is  that 
boiler  plates,  rivets,  tie  bars,  angles,  connecting  roads,  and  crania  are 


^'•j     LOOJifonrE  EiaiLizs  ax  the  faus  i 


LOOOMOnVE  KXHIBITS   AX  THE  PABIB  EXHIBITION  OF  1900.        871 


872       IX>COMOnTK  EXHIBITS  AT  THE  PABIB  JUHUUTUHI  OT  1900. 


LOCOMOTIVE  EXHIBITa  AT  THE   PARIS  EXHIBITION  OP  1900.        873 


874       LOCOMOTIYE  EXHIBITS  AT  THE  PARIS  EXHIBITION   OF   10OQ. 

all  made  of  nickel  steel,  the  large  driving  wheels  of  cast  steel.     The 
breaking  strength  of  the  steel  used  for  the  boiler  plates  is  from 
70,000  to  77,000  pounds  per  square  inch,  and  that  of  the  connecting 
rods  and  cranks  is  from  84,000  to  90,000  pounds  per  square  inch. 
The  illustrations,  especially  the  external  view  of  this  locomotive^ 
will  give  some  idea  how  queerly  it  looks.     It  will  at  once  be  noticed 
that  t\wrv  are  two  cabs,  one  in  front  for  the  engineer,  and  one  in 
the  rear  ior  the  fireman.     The  advantages  to  be  derived  from  hav- 
ing the  engineer  in  front  are  very  apparent — ^freedom  of  outlooki 
and  this  not  alone  because  the  engine  does  not  obstruct  the  vieWy 
but  also  because  smoke  and  steam  do  not  surround  the  cab.     The 
engineer  is  also  close  to  the  cylinders  and  valve  gear — ^the  partB 
in  which  he  is  especially  interested.      That  there  are  disadvan- 
tages in  separating  the  engineer  from  the  fireman  is  very  certain, 
and  tlicy  are  so  apparent  that  they  need  not  be  pointed  out     It 
will  be  noticed  that  the  front  of  the  cab  has  been  given  such  a  shape. 
as  to  reduce  the  resistance  of  the  air  as  much  as  possible.     Another  - 
peculiarity  of  this  locomotive  is  that  it  has  not  less  than  14  wheels, 
of  which  4  are  driving  wheels,  4  are  in  a  truck  imder  the  smoke-boZ|   J 
and  the  other  0  in  a  truck  under  the  rear  part  of  the  locomotiYe.   \ 
1'his  arrangement  allows,  of  c<mrse,  a  very  wide  fire-box,  like  that 
on  our  Atlantic  type  engine.     The  boiler  itself  is  of  a  very  peculiar 
shape,  presumably  to  gain  heating  surface  ^rithout  making  it  too 
wide.     J3oth  the  grate  and  heating  surface  of  this  locomotive  are 
enormous — respectively  nO  and  »*^>,200  square  feet — and  it  can  eaaSj 
1)(^  believed  that  the  boiler  was  ample  to  ])roduce  the  necessary 
amount  of  steam  for  the  high  speeds  obtained  as  well  as  for  the.  ' 
1,800  or  2,000  horse-power  developed.     The  diameters  of  the  driv-  \ 
ing  wheels  are  OS  J  inches — 2i  inches  more  than  8  feet.     Even  the  '■ 
two-wliccl  (M)nj)l(Ml  Kiiglisli  ('X])rcss  engine  had  only  93-J-inch  driv- 
ing wheels,  the  Creuzot  engine  having  four  wheels  of  OS-J  inches 
diameter.     The  enormous  size  of  this  locomotive  can  also  be  seen 
from  the  length  of  its  wheel  base,  which  was  equal  to  40.4  feet. 

Tt  is  perhaps  not  likely  that  this  locomotive  will  find  imitators  in 
all  its  details.  But  there  is  so  much  originality  in  its  design  and 
in  the  material  used  that  one  should  not  be  surprised  to  see  some  of 
the  novelties  adopted  in  future  practice.  Tt  ought  to  be  unneces- 
sary to  state  that  the  workmanshi])  and  finish  of  this  engine,  as  well 
as  of  the  others  shown  by  Schneider  &  Cie.,  \vere  of  the  very  best. 

12.  A  loeoinotive  shown  by  Krauss  iV  Co,,  of  "Munich  (Fig.  347), 
belongs,  ])erliaps,  properly  to  the  "  freaks  ''  of  the  exhibition.      It  is 
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the  one  which  was  provided  with  two  auxiliary  cylinders  coupled  to 
two  auxiliary  w^ieels.  The  engine  was  otherwise  a  two-cylinder 
compound  with  four  driving  wheels.  The  auxiliary  cylinders  are,  as 
will  be  seen  from  the  illustrations,  placed  to  the  very  front,  and 
the  auxiliary  wheels  are  placed  between  the  wheels  of  the  front 
truck.  These  auxiliary  wheels  when  not  in  use  are  held  about  IJ 
inches  above  the  rail  by  means  of  coiled  springs.  It  is  only  when 
steam  is  admitted  to  the  auxiliary  cylinders  that  at  the  same  time 
steam  is  let  into  two  small  cylinders  ^vith  pistons,  which  latter,  by 
means  of  various  levers,  overcome  the  tension  of  the  springs  and 
press  the  w^heels  against  the  rails.  The  object  sought  by  the  manu- 
facturers by  the  introduction  of  these  auxiliary  cylinders  is  to  be 
able  to  transform  a  locomotive  with  four  driving  wheels  into  one 
with  six  whenever  desired,  and  without  having  to  meet  the  difficul- 
ties of  design  w^hich  a  six-coupled  engine  presents.  According  to 
the  makers,  this  enables  them  to  have  a  wider  fire-box  than  if  there 
were  to  be  six  driving  wheels.  But  it  will,  of  course,  be  noticed  at 
once  that  the  auxiliary  driving  wheels  have  a  very  small  diameter, 
and  to  this  objection  the  makers  reply  by  stating  that  the  auxiliary 
gear  will  only  be  used  on  heavy  grades  and  at  comparatively  slow 
speeds,  and  for  short  periods  of  time.  This  seems  like  a  reasonable 
argument,  as  there  is  no  doubt  that  both  the  maximum  power  and 
weight  on  driving  wheels  are  required  under  those  circumstances. 
Of  course  it  is  very  questionable,  in  the  opinion  of  the  writer, 
whether  this  additional  complication  is  justified  by  the  results  ob- 
tained. In  fairness  to  the  manufacturers  it  ought  to  be  stated  that 
several  engines  of  similar  construction  have  been  in  use  on  the  Bava- 
rian Railways  for  a  couple  of  years  and  seem  to  have  given  excel- 
lent satisfaction.  It  certainly  has  been  proven  that  the  auxiliary 
driving  gear  may  be  put  into  service  at  speeds  exceeding  40  miles 
per  liour  and  without  injury  to  any  of  the  working  parts,  and  that 
thev  sliow  but  little  wear. 

I'j.  Anotlier  "freak''  of  the  exposition  was  the  loc  otive 
exhibited  by  tlie  Mediterranean  Railway  of  Italy.  It  \  a  com- 
pound tank  engine,  which,  however,  was  provided  with  a  ider  in 
the  shape  of  a  cylindrical  tank  for  water,  the  locomotive  i  df  carry- 
iuo-  tlie  (M»al  f  Fiii'.  34S).     As  will  be  seen  from  the  ill  on,  t        ) 

is  a  larac  cal),  wliicli  is  wedge-shaped  to  reduce  the  d  i 

air,  and  this  onaiuo  running  with  the  slack  behind,  so  that  t  i- 

noer  in  his  cnl)  is  at  the  head  of  tlie  train.    The  writer  1 
able  to  act  a  satisfactory  explanation  why  the  makers 
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necessary  to  arrange  the  engiue  m  such  a  uianuer  tiiat  it  should  run 
■with  its  hind  end  foremost,  but  some  of  the  detaib  of  the  engine 
were  very  good,  and  the  valve  gear  was  quite  original.  However, 
they  did  not  seeui  tn  liave  enough  merit  to  warrant  a  full  description. 
Only  the  exterior  view  of  the  engine  is  given, 

14.  Although,  as  stated  earlier  in  this  paper,  the  engines  ex- 
hibited hy  the  Baldwin  Works  did  not  aeem  to  create  a  very  favor- 
able opinion  among  European  engineers,  it  seems  but  simple  jus- 
tice to  the  firm  that  in  a  paper  describing  the  locomotive  exhibits  at 
the  Paris  Exhibition,  the  only  American  locomotives  shown  (Figs. 
34D  to  355)  shoiild  find  a  representation  among  those  illustrated  in 
the  paper.  Notwithstanding  the  many  harsh  things  stated  in  the 
European  technical  papers  about  these  engines,  n'e  know  the  excel- 
lency of  these  locomotives,  as  proven  by  the  daily  service  of  thou- 
sands of  them  on  our  railways.  We  have  a  right  to  assume  that  the 
criticisms  expressed  are  to  a  great  extent  due  to  the  successful  com- 
petition of  the  Baldwin  locomotives  on  the  European  market  in  the 
last  few  years.  The  dimensions  and  weights  of  the  locomotives  ex- 
hibited by  the  Baldwin  Locomotive  Works  are  found  in  the  general 
table.  It  is  unnecessary  to  describe  them,  as  they  are  too  familiar 
to  the  members  of  this  Society  to  need  any  description.  Only  in 
minor  details  did  these  locomotives  differ  from  those  made  by  the 
firm  for  American  railways,  the  ones  exhibited  being  made  for 
Prance  and  Great  Britain. 
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DISCCBSION. 

Mr.  S.  E.  .F>e«na«.— I  woultl  like  to  ask  Mr.  Bull  to  what 
the  economy  of  the  de  Glehn  engine  is  mostly  due.  Is  it  duo  to 
the  valve  gear  employed,  or  to  some  other  specially  designed 
part;  for  instance,  the  cylinders,  valves,  etc.? 

Prof.  SUyrrth  SvU. — They  claim  that  they  get  a  better  distri- 
bution by  the  "WalBchaert  vals'e  motion,  hut  I  do  not  suppose 
that  the  economy  is  increased  very  itmcli  by  it.  I  think  that 
the  increase  in  economy  which  tliey  get  is  due  to  the  compound- 
ing, the  same  as  here.  The  compouml  used  there  is  not  only 
economical,  but  it  is  also  very  convenient. 

Mr.  Freeman. — I  might  put  that  question  in  another  form: 
Does  the  compound  engine  of  this  design,  with  its  AValschaert 
valve  gear,  show  greater  economy  than  a  comjiound  engine  of 
like  design  with  the  usual  type  of  link  gear? 

Professor  Ball. — I  do  not  know. 

Prof.  ^V.  F.  M.  Gos9. — I  am  glad  to  note  the  emphasis  tlmt 
Professor  Bull  has  given  to  the  de  Gleim  compound  locomotive, 
better  known  in  this  country  perhaps  as  that  of  the  Northern 
Railway  of  France.  I  believe  that  type  of  engine  should  com- 
mend itself  to  the  railroad  men  of  this  country.  jVraerican  loco- 
motive designers  have  adopted  siiii[ili(-ity  as  a  fundamental  ]>lank 
in  their  platform,  and  any  design  which  multiplies  parts  in  loco- 
motives has  been  slow  to  gain  a  footing.  No  doubt  -v:&  liave 
been  right.  The  question  is  what  degree  of  complication  is 
admissible  in  order  that  a  projwr  solution  of  a  given  problem 
may  he  had.  This  type  of  engine,  as  Professor  Bull  has  ex- 
plained, has  four  complete  engines,  in  the  same  sense  that  our 
simple  American  locomotives  have  two  complete  engines.  There 
are  two  outside  cylinders  and  two  inside  cylinders.  The  two 
inside  cylinders  connect  with  a  crank  axle  in  the  front,  and  the 
two  outside  cylinders  connect  with  pins  in  the  ivheels  of  the 
second  or  rear  axle.  There  is  a  great  subdivision  of  i>ower,  and 
there  are  many  advantages  whirh  result  from  this  fact — advan- 
tages which,  if  they  could  gain  them,  American  engineers  would 
appreciate.  For  example,  the  reciprocating  parts  of  the  French 
engine  are  [perfectly  balanced,  the  cranks  of  the  two  systems  of 
engines  being  placed  opposite  each  other.  This  is  a  result  which, 
while  much  (lesire<l,  can  never  bo  attained  under  the  common 
practice  of  this  country.     Again,  the  arrangement  jwrmits  a  dis- 
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tribution  of  power  throughout  a  greater  length  of  frame,  and 
this  is  something  the  advantage  of  which  American  desigiiai 
will  ajipreciate.  With  the  enormously  large  cylindera  and  the 
higli  steam  pressures  now  common  in  American  looomotiTe  jnac- 
tice,  the  strains  introduced  are  enormous,  and  frames  mnst  be 
extremely  heavy  or  the  engine  will  prove  structacally  weaL 
The  desirability  of  subdividing  power  is  further  ahown  in  the 
diiflcultv  which  is  now  beinfi:  encountered  in  keepimr  the  crank 
]iins  and  uxles  cool  on  the  modem  large  engines.  Crank  pins  of 
U>-duy  are  often  as  large  as  axles  were  a  few  years  ago,  \mt  still 
tlioy  give  trouble  by  heating.  By  the  adoption  of  the  Frendi 
design  there  would  1)e  four  cranks,  four  connecting  rods,  and 
four  crossheads  instead  of  two.  The  size  of  all  the  parts  would 
l>c  diminished,  and,  as  a  consequence,  their  design  could  be  bet- 
ter suited  to  the  work  to  be  j^erformed.  The  objection  to  the 
hirgcr  number  of  parts  is  in  the  assumed  greater  chance  of  de- 
mngcment  and  increased  cost  of  repairs.  This  assumption  is, 
liowever,  one  tliat  is  not  well  made.  The  chance  of  derange- 
ment wlicre  a  few  parts  are  involved  which  are  necessarily 
])oorly  dosigne<l  and  overworked  is  greater  than  when  doubte 
the  number  of  ])arts  better  suited  to  the  service  to  be  rendered 
are  involved.  I  venture  to  say  that  if  two  17-inch  by  24-inch 
engines  were  put  at  the  head  of  a  train  and  treated  as  one  engine, 
neither  failures  nor  cost  of  re])airs  to  machinery  would  be  greater 
than  when  the  same  work  is  done  by  a  modem  20-inch  by 
!i»)-inch  engine.  This  statement  concerns  failure  and  repairs 
to  machinery  alone.  If  it  is  true,  the  objection  to  increased 
number  of  parts  in  the  French  engine  cannot  be  seriously 
urged. 

Again,  there  is  the  question  of  room  along  the  right  of  way. 
Tliero  are  simj)le  engines  now  running  whose  cylinders  clear 
obstru(;tions  alon«i:  the  ri<]:lit  of  wav  bv  less  than  an  inch.  Two- 
cylind(;r  compounds  could  not  be  substituted  for  these.  The 
adoption  of  the  compound  system,  therefore,  which  is  desirably 
and  whicli  is  bound  to  come,  will  necessitate  the  use  of  some 
tvi>c  of  four-cylinder  compound;  and  if  we  are  to  accept  a  four- 
cylind(.T  engine,  I  submit  that  the  compound  of  the  Korthem 
Railway  of  France  is  worthy  of  our  attention.  In  saying  this 
I  do  not  forget  or  undervalue  other  excellent  types  of  four- 
cylinder  comj)ounds. 

M/\  Uecil,  — I  have  been  very  nmch  interested  in  the  reading 
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of  this  paper,  because  it  calls  attention  to  some  peculiar  types  of 
engines  which  are  striking  from  many  standpoints. 

Fig.  347  shows  an  engine  which  was  especially  noticeable 
on  account  of  the  many  complications  which  were  emboflied 
in  its  design.  There  is  one  point  to  which  the  limits  of  the 
paper  did  not  permit  of  reference,  and  yet  one  which  may  be  of 
general  interest.  A  connecting  rod  from  the  rear  wheel  ran 
mysteriously  into  a  box  just  under  the  cab,  and  there  it  was 
connected  with  a  weight  eliding  in  projter  guides.  This  addi- 
tional and  heavyweight  mi_ived  backward  and  forward  with  each 
revolution  of  the  drivers,  f*ir  the  sole  purpose  of  counterbalanc- 
ing the  reciprocating  i>arts  of  the  engine;  showing  to  what 
extent  complicated  mechan  ism  is  sometimes  introduced,  when  in 
practice  a  more  simple  and  nearly  aa  effective  device  will  accom- 
])Ush  the  result. 

I'm/essor  BiilL* — In  reference  to  the  last  observation  I  might 
say  that  there  are  necessjirily  a  great  many  im]>ortant  things 
which  I  might  have  statetl  in  the  paper,  but  which  I  did  not 
include,  either  because  I  overlooked  them  or  because  I  did  not 
want  to  make  the  paper  too  long. 

In  closing  the  discussion  I  may,  perhaps,  be  permitted  t«  say 
tliat  the  object  of  this  pa]jer  was  to  place  on  record— in  the 
Trinmartloni  of  the  Society™ the  state  of  the  art  of  locomotive 
construction  at  tlie  end  of  the  nineteenth  century,  and  as  revealed 
at  the  Paris  Exhibition,  As  a  consequence  it  was  deemed  neces- 
sary to  introiluce  a  large  number  of  illustrations,  and  as  the 
details  were  shown  so  ])lainly  on  moat  of  these,  but  brief  expla- 
nations were  inclu<le(l  in  order  to  ]trevent  the  paper  from  becom- 
ing too  voluminous.  Because  of  this  fact  the  reading  matter 
nuiy  seem  rather  meagre,  but  this  apparent  shortcoming  is  ex- 
plainal  by  ivliat  is  stilted  above. 

•  Author's cloaure,  underlhe  Rules. 


888  BLUE-PRINTING  BY  ELEGTBIC  UOHT. 


No.  904.* 

BLUE'PRiyriSG  liV  ELECTRIC  LIGHT.  \ 


BY  n.  G.  RBIST,   PCnEXBCTADT.  N.   T. 

^Member  of  the  Society.) 


Ix  large  manufacturing  establishments  the  short  and  fre- 
quently dark  and  cloudy  days  of  winter  are  the  occasion  of  great 
inconvenience  and  delay  in  the  production  of  blue-prints.  A 
printing  plant  suitable  for  making  the  required  number  of  prints 
in  summer  will  be  entirely  inadequate  for  the  same  production 
in  winter.  Unfortunately,  this  is  a  department  which  ordi- 
narily cannot  be  worked  overtime  in  order  to  make  up  for  the 
loss.  Suffering  much  on  this  account  because  of  the  large  num- 
ber of  blue-prints  required,  the  General  Electric  Company 
some  time  ago  tried  several  methods  of  printing  by  electric  light. 
In  one  ])lan  ii  small  room  was  arranged  with  9  arc  lamps 
placed  about  18  inches  apart,  suspended  from  the  ceiling,  and  by 
a  suitable  arrangement  of  reflectors  a  large  portion  of  the  light 
was  thrown  downward  on  printing-frames  arranged  on  tmdcSi 
being  the  same  frames  which  are  used  ordinarily  for  printing  by 
sunlight.  The  reflectors  are  hinged  so  that  the  light  may  be 
thrown  to  the  position  wanted.  With  a  rapid  printing  paper 
the  time  required  for  printing  with  tliis  arrangement  is  from  six 
to  eight  minutes. 

Another  arrangement  for  printing,  and  one  which  is  being 
used  extensively  with  somewhat  more  satisfactory  results,  is 
shown  in  tlie  accompanying  illustrations.  It  will  be  seen  that 
there  are  2  lamps,  each  being  a  standard  5-ampere,  110. volts 
enclosed  arc  lamp,  enclosed  by  a  metal  hood  a  little  larger  in 


*  Prosentod  at  the  Milwaukee  meeting  (May,  1901)  of  the  American 
Society  of  Mechanical  ?]ngineer.s,  and  forming  part  of  Volame  XXII.  of  the 
Tranmctiotta, 

f  For  further  discussions  on  this  topic  consult  Transaction$  as  follows  : 
No.  308,  vol.  ix.,  p.  090  :  **  Tiarge  and  Enlarged  Photographs  and  Blae  Prints." 

R.  H.  Tiiu'ston.      Also  vol.  viii.,  p.  722,  No.  2o9-48. 
No.  847,  vol.  xxi.,  p.  580:  "A  Curved-glass  Blue-printing  Machine."    P.  IL 

Chamherlain. 
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size  than  the  printing-frame.  The  hood  is  strongly  constructed 
of  sheet  iron  with  parabolic  sides  which  are  finished  on  the  in- 
side with  white  enamel,  having  good  reflecting  power.  The 
hood  is  supported  on  the  lamps,  and  in  order  to  prevent  the 
parts  from  overheating,  an  efi*ective  ventilating  device  is  pro- 
vided at  the  top.  There  are  also  handles  on  the  side  so  that  it 
may  conveniently  be  moved  along  the  track.  The  lamps  in  turn 
are  supported  on  a  small  trolley  arrangement,  made  from  the 
parts  used  for  sliding  folding  doors,  and  on  each  side  there  is  a 
conducting  wire  from  which  a  small  trolley  wheel  carries  the 
current  to  the  lamps.  The  tracks  on  which  the  lighting  device 
is  supported  are  of  sufficient  length  so  that  5  printing-frames 
can  be  set  under  each  of  them,  and  the  lamps  readily  moved  to 
cover  any  one  of  them.  The  printing-frames  which  we  are  now 
using  are  the  standard  frames  used  for  sun-printing,  although 
they  can  be  somewhat  simplified  if  they  are  made  specially  for 
printing  by  electric  light.  The  lamps  are  enclosed  in  white 
opal  globes.  Tliis  dififuses  the  light,  and  the  white  interior  of 
the  reflector  projects  it  downwards  so  that  the  area  over  the 
print  to  be  made  is  very  uniformly  lighted,  there  being  no  per- 
ceptible difference  in  the  tone  of  the  print  in  the  middle  from 
what  it  is  in  tlie  corners.  When  the  first  print  has  been  ex- 
jjosed  a  sufticient  length  of  time,  the  light  and  the  hood  are 
moved  along  the  track  to  the  next  frame,  while  work  is  begun 
on  the  first  one  to  rej)lace  the  printing  paper  or  tracing  as  the 
case  may  be. 

The  time  required  for  printing  naturally  varies  widely  with 
difieront  tracings  and  diflerent  makes  of  paper.  In  general,  it 
m.iv  be  st.ited  that  the  time  required  is  3  or  4  times  as  long  as 
with  l)right  sunlight.  With  one  grade  of  paper  which  we  are 
using,  the  time  by  sunlight  in  the  middle  of  the  day  during  Feb- 
riiarv  is  about  o5  seccmds,  and  bv  electric  light  li-  minutes.  It 
will  readily  be  seen  that  there  are  great  advantages  in  having 
a  ])iiHting  establishment  Avhich  is  independent  of  the  season 
or  of  the  condition  of  the  weather.  With  an  electric  equip- 
ment l)lne  ])i'ints  ]nay  be  put  into  the  factory  almost  immedi- 
ately after  the  eonjpletion  of  the  tracing,  regardless  of  the  time 
of  (lay. 

Tn   suiniuer  it  is  ])ossible  to  print  all  the  time  duri 
hours,  and  the  ])er  cent,  of  time  lost  on  account  of 
rainy  weather  is  small.     In  winter  it  is  not  p: 
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after  ahoat  4  o'clock  in  the  afternoon,  anil  tlie  amount  of  1 
veather  ia  a  lai^a  part  of  the  total  time.  la  the  lM>lt  in  wlii 
I  live  it  is  clondy  as  mncli  as  6  >  \w:r  cent,  of  the  time  daring  t 
months  of  December  ami  January-     In  cloady  weatlier  the  tii 


required  for  printing  ia  about  8  to  10  times  as  great  as  on  a  cleg 
day,  and  on  a  rainy  day  it  ia  not  possible  to  print  at  all  out  c 
doors,  except  by  a  fspeoially  devised  water-proof  printlng-framsl 
at  such  times  the  time   required  for  changing  prints  is  greatljH 
increased,  as  the  fiaiae  lias  to  be  wiped  to  keep  from  iujurtn 
the  tracing. 


BLUE-PKtNTINa  BY   ELECTRIC   LIGHT.  693 

From  curves  of  the  actinic  value  of  sunlight  for  different 
times  of  the  day  and  for  different  seasons,  I  have  calculated 
that  with  a  paper  so  rapid  that  it  will  print  in  8  seconds  in  the 
sun  at  noon  during  the  month  of  July,  the  mean  time  required 
for  making  a  print  in  January  for  the  hours  from  8  to'  12  and 
from  1  to  4  is  2.33  minutes.  Similarly,  in  July  the  mean  time 
for  the  hours  above,  except  that  the  time  is  extended  to  5.30  in 
the  afternoon,  is  0.59  minutes,  or  the  mean  time  for  clear  days 
during  the  year  is  1.40  minutes. 

Taking  all  the  above  into  account,  I  find  that  the  average 
number  of  prints  made  by  one  operator  in  winter  per  day  is 
26.4.  In  summer  the  number  of  cloudy  days  are  about  25  per 
cent.,  and  the  average  number  of  prints  that  may  be  made  by 
one  operator  aro  57.3,  or  more  than  twice  as  many  as  can  be 
made  in  winter. 

The  cost  of  making  prints  by  electric  light  is  much  smaller 
than  one  would  expect,  and  the  following  figures  indicate  that  it 
is  cheaper  to  use  artificial  light  than  sunlight  for  this  purpose. 

In  printing  by  electric  light  it  is  assumed  that  the  cost  of 
electricity  is  12  cents  per  kilowatt  hour,  which  I  believe  is  a 
fair  commercial  rate.  The  lamps  are  turned  off  when  not  in 
use.  They  are  in  use  only  85  minutes  for  each  operator,  as 
shown  in  the  table  below.  Each  lamp  requires  550  watts  and 
the  cost  for  tlie  two  lamps  is  18.7  cents  per  day.  Labor  is 
assum(Hl  at  the  rate  of  SI  per  day. 

Saulight.  Elec.  Light. 

No.  (if  prints  per  day,  mean  i)er  year 41.9  56.5 

Cost  of  printing,  per  print  2.39  cts.  2.09  cts. 

The  time  required  for  changing  a  print  in  sunlight  is  a  little 
longer  then  when  the  artificial  light  is  used,  because  the  whole 
frame  has  ^^enerally  to  be  moved,  and  the  fram0  has  to  be  ad- 
justed to  the  proj^or  angle  to  get  the  most  effective  sunlight 
The  time  aHowod  for  changing  prints  is  7  minutes  when  print- 
ing by  electric  liglit ;  8  minutes  when  printing  by  sun,  while 
when  ])rinting  during  a  rainy  day  as  much  as  20  minutes  may 
be  rcijuired.  .  •  , 

It  will  often  ])e  found  an  advantasje  to  use  ( 
ing  as  a  su})[)lement  to  the  ordinary  method,      ( 
metli^)(l  Is  not  entirely  superseded.     Among  otl 
may  be  mentioned  the  smaller  space  required  for 
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for  a  ^iven  outpat  thaQ  for  8Un  printiDg ;  also,  there  will  l>e  less 
pii)>er  woated,  aa  the  time  for  printing  ja  much  more  uniform. 

This  method  of  making  prints  will  eapecially  appeal  to  maan- 
facturers  who  are  located  where  there  is  a  tendency  to  hare 
fogs  or  where   tall  buildings  may   interfere   with  the    normal 

BUDligLt. 

UISCLSSIOX, 

Mr.  John  liitlifh  Bl'iiMl.~~\n  connection  with  this  subject,  it  is 
interesting  to  note  that  the  use  of  electric  light  for  bine-printing 
is  appreciatetl  in  England  as  well  as  in  this  country.  In  the 
Lnniinn  En^lneerinrj  for  Jfay  ;S,  VMi\,  on  page  5S,  an  advertise- 
ment appears  for  an  arc  lamp,  duplex,  radial  photo  copying 
frame,  the  price  of  which  is  £57  10«.,  or  about  §133.     The  appar- 


atus is  shown  in  Fig,  350.     T!ie  !;im]»  and  hjwering  gear  are 

not  inclutled  in  the  price. 
The  advantages  given  out  in  the  advertisement  are  as  follonrs: 
{n)  Copying  indoors  at  any  time  where  electric  correut  is 

available. 
(J)  The  lamp  being  wired  and  fixe<l  in  desiretl  position,  the 
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peJestal  and  frame  are  placeil  to  receive  it,  and  rest  there  per- 
manently-— no  shifting,  no  carrying. 

(f)  Immunity  from  accident  ensured  by  the  frame  remaining 
on  the  pedestal. 

(d)  Tiie  liorizontal  position  (when  placing  in  or  taking  out 
traeiog  and  copies)  is  the  most  convenient  for  oi)erators. 

(e)  Two  full-size  tracings  can  be  copied  at  one  operation. 


'" ^\ 


The  pi'in ting-frames  as  shown  in  the  iUnstration  with  Kr. 
Heist's  jiajKT  would  seem  to  bo  expensive  and  unnecessary  for 
electric  lighting  work  and  also  inconvenient  for  use.  The  sim- 
plest and  best  form  of  frame  which  I  have  seen  is  the  heavy 
piece  of  plate  glass,  say  §  to  §  of  an  inch  thick,  depending  upon 
the  size,  resting  im  a  soft  ]wd.  This  style  of  frame  has  many 
advantages,  the  (irat  being  simplicity;  the  second,  that  the  work 
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can  \h^  iiisiK*et(.Hl  ^vliile  being  ]nit  in :  and  the  third,  that  no  gear 
is  necessiirv  for  turning  tlie  frame  upside  down. 

It  seems  useless  to  liave  trucks  with  wheels  for  wheeling  round 
the  printing-fnimes  wlieiv  electric  lights  are  to  be  used.  A 
printing  frame  f*>r  electric  light  is  sliown  in  Fig.  360,  which 
would  s<*em  to  be  simpler  and  much  more  convenient  than  that 
sliown  in  Mr.  lieist's  pajw^r. 

J/r.  S,  L,  ii,  Ktio,!'. — It  mav  be  interesting:  to  state  that  the 
inside  of  the  frame  should  be  piinteil  with  white  enamel.  Tou 
must  not  liave  it  tot)  bright.  One  of  our  men  tried  to  make  a 
frame  bright  insid(\  and  the  result  was  that  one  jvirt  of  the  trac- 
ing was  i*eHecte<l  back  on  the  other  i)arts,  and  the  print,  when 
taken  out.  was  most  extraonlinarv ;  the  drawing  nnmber  ap- 
])<*ar<Ml  in  half  a  dozen  diffei*ent  places. 

Tlie  pajjcr  «loes  not  bring  out  the  whole  economy  which  is  de- 
rivtMl  from  this  prrjcess.  AVe  are  arninging  now  to  do  all  of  our 
blue-printing  by  electric  light,  even  though  the  sun  is  shining 
brightly,  b«^-ause  we  lind  that  we  can  do  it  cheai)er  than  we  can 
by  pushing  the  frames  outside  an<l  tilting  them  to  the  sun  and 
llien  <lra^giiig  tlirm  back  inside  again.  With  this  process,  the 
frames  do  not  liav<*  to  bo  liandle<l.  In  the  old  wav  the  limit  of 
f)ur  blue-])riiit  production  was  in  the  ability  and  strength  of  the 
bovs  to  han<lle  these  frames.  It  took  onlv  thirtv  seconds  to 
make  a  blue-])rint,  but  it  took  s(*ven  or  eight  minutes'  time  to 
g4*t  the  frame  out  in  i)laee,  back  again,  and  reiidy  for  another 
exj)Osure.  AVitJi  ijiis  rlectric-light  blue-printing,  you  do  not 
neetl  to  move*  tlie  frain<»  at  all. 

Another  imi»ortant  thing  is  this.  Nobody  thinks  of  sending 
out  a  h'ttcr  on  a  iaisiness  matter  without  keeping  a  copy  of  it, 
bill  IVrcjuenlly  Wi'  liavt*  IkuI  lo  ])re])are  an<l  send  out  rush  draw- 
ings ill  answer  lo  a  telegram,  i>erlia])s  late  in  the  afternoon  on  a 
rainv  <lav  wIkmi  we  could  not  make  i)rints,  and  the  result  was 
that  we  sent  away  sk<'tc]ies  wliicli  wo  were  afterwards  obliged 
to  ask  tilt*  I'eeipic'nt  to  send  back  to  us.  AVith  this  process  of 
<'leclric-liirht  printing.  w«'  can  «ret  an  order  at  20  minutes  past  5, 
an<l  can  mako  a  bluo  ])rint  and  have  it  ready  at  80  minutes  past  5 
— as  (|uick  as  wf  can  copy  a  lottor    in  our  letter-press  copy 

l»orjk. 

J//',  llifnmix  ir.  i'tipt  h, — The  machine  described  by  Mr.  Blood 
is  in  use  by  Kraser  A:  Chahnei's,  an<l  has  been  for  some  time, 
I  believe,  with  entire  success.     1  understand  that  they  are  now 
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beiug  made  by  a  firm  in  Pittsljurf^,  um\  sire  furnished  at  a  cost 
of  from  $400  to  $500  installed. 

Mr.  C.  W.  Hunt. — We  have  been  using'tliis  ajipai-jitua  very 
successfully  in  our  btue-priuting  office  for  about  two  years.  It 
is  very  convenient  to  use,  as  there  is  no  frame  to  handle,  and  no 
heavy  glass  to  raise  up  when  inserting  the  jjapers.  The  macliine 
is  a  vertical  cylinder  about  2  feet  in  diameter  and  4  feet  high, 
witti  an  are  light  in  the  axis.  This  light  is  slowly  lowered  from 
the  top  to  the  bottom  by  clock  work,  giving  every  [«irt  of  the 
prints  an  equal  amount  of  exposure-  The  print  is  wmpfied  on 
the  outside  of  the  glass  cylinder,  and  held  in  position  by  a  sheet 
of  canvas  cloth.  When  once  in  ojwration,  it  was  found  so  con- 
venient  that  we  abandonee!  sun  printing. 

Mr.  S.  T.  WcUinctn.^In  connection  with  our  exjicrience,  I 
think  the  cost  of  the  apparatus  was  somewhere  between  $20U 
and  $3(J0,  but  the  siiving  for  the  ivhole  system  jiaid  for  it  in  less 
than  three  months,  and  one  boy  did  all  the  work,  whereas  for- 
merly we  kept  two  or  three  boys  at  work,  and  then  only  made 
asmall  portion  of  our  blue  prints;  we  had  to  go  outside  and  hire 
some  of  them  made. 

Mr.  Ilarrtf  Sawyer. — I  would  like  to  ask  the  gentlemen  who 
have  had  experience  with  this  class  of  apparatus,  if  tliey  have 
haxl  trouble  on  account  of  the  excessive  heating  of  the  glass.  I 
ain  led  to  ask  this  question  by  some  statements  made  to  me 
while  visiting  the  works  of  a  large  engineering  company  in 
Pliila^lelphia.  They  had  provided  a  tin-lined  box,  perhaps  4  by 
5  feet  square  and  ^0  feet  long,  open  at  both  ends,  and  placed  in 
a  horizontal  ]Wsition.  The  printing  frame  was  placed  in  a  verti- 
cal position  a  short  distance  from  one  end  of  the  box,  and  the 
arc  lights  were  ]>laced  at  the  other  end.  Tiiis  arrangement  of 
reflectors  concentrated  the  heat,  as  «"ell  as  the  light,  on  the 
glass,  causing  some  trouble. 

Are  not  the  laws  governing  reflection  of  light  and  heat  about 
the  s;iuie?  It  hiis  been  a  question  in  my  mind  whether  or  not 
an  arrangement  coukl  be  made  which  would  concentrate  the 
light  on  a  glass  without  concentrating  the  heat  in  about  the 
same  ]iro portion. 

Mi:  Hunt. — There  is  no  difficulty  whatever  from  the  lieat  of 
the  light.  There  is  a  switch  for  turning  the  eutrent  on  and  off, 
located  near  the  operator's  hand,  so  that  to  protect  his  own  eyes 
from  the  liglit  he  immediately  turns  it  off  when  the  paper  is 
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printed.     The  light  is  only  running  when  they  are  Aposiiig  the 
print. 

21  r,  lie  lift. — The  sf|)i)aratus  which  I  described  in  my  paper  is 
arranged  in  this  way:  There  is  a  ventilator  arranged  in  the  top 
of  tlie  device  which  acts  as  a  chimney  and  keeps  drawing  in  . 
cold  air  from  the  room ;  and  besides,  the  light  is  always  turned 
off  imnieiliately  after  the  printing  is  completed. 

J//'.  Welhna)\. — AVe  have  had  no  trouble  with  heating  at  all. 
AVc  have  had  the  ai)paratus  in  use  something  like  a  year  and 
a  half,  and  there  have  been  no  breakages  and  no  trouble  with  it 
whatever. 

Mr,  Knox. — It  is  not  claimed  that  the  apparatus  described  in 
the  paper  is  better  than  the  cylinder,  but  the  outfit  costs  prob- 
ably one-tenth  as  much  as  the  cylinder  apparatus,  and  prints 
just  as  quickly. 
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THE    PRACTICAL   APPLICATION   OF  SUPERUEATEI} 

STBAM.-\ 


(JiiRlor  Member  of  the  Bocidj.) 

The  very  general  use  of  sujierheated  steam  througiiout  Europe, 
and  particularly  in  France  and  Germany,  bas  interested  the 
writer  for  some  time  past,  tlie  more  so  because  of  the  remarkable 
economy  attained,  and  because  of  the  general  skepticism  with 
which  any  allusion  to  its  use  is  met  in  this  country. 

To  emphasize  the  fact  that  its  employment  has  pjissed  far 
beyond  the  theoretical  stage,  the  following  table  has  been  pre- 
pared siiowing  the  horse-power,  on  a  basis  of  ten  square  feet  of 
heating  surface,  of  boilers  in  electrical  plants  in  certain  German 
cities,  al!  of  which  boilers  have  been  equip]}ed  with  sui>crheatei's 
by  a  single  builder, 

Munich 1 ,610 

' '        Central  Station 750 

Berlin  General  Electric  Co 580 

510 

3,000 

2,800 

Bnihl 775 

Essen 1,«I0 

Mannheim 1,810 

Frankfnrt 480 

Breslaii   3,400 

•  Presenteil  at  Hip  Mil  wauliee  mfeting  (Maj,  1901)  of  the  American  Sociely  of 

Mechanical  Engincpfs.  ami  forming  ])nrt  of  Volomo  XXII.  of  the  Tranmxctiont. 
\  For  further  discussions  on  this  topic  consult  Tranmetiom,  as  follows  : 

No.  572,  vol.  XV..  page  813  :  "  Maxiranm  ContemporBrr  Economj  of  High- 
pressure,  Jl  altiple-eipnnsion  Steam  Engine."    R.  H.  Thurston. 

Ko.  680,  Tol.  svii.,  pnge  488 ;  "  Superheated  Steam."    R.  H.  Thurston. 

No.  720,  vol.  iviii..  page  100 ;  "  Promlae  and  Potency  of  High -pressure  Bteain." 
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No,  853,  vol.  xxi.,  page  788:  "  Pumping  Engine  Teat  with  [Superheated  Steam." 
E.  11.  Foster. 
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l^nn      THK   I'KACTir.XL   APPLICATION'   OK  SIPERHEATED  STEAK. 

Tlies**  fiiriiros  .-^f-eiii  vorv  siiuill  wlien  we  lliink  of  the  large 
flf'Cirical  plants  with  wliich  \v«*  are  familiar  in  this  conntiy;  I»t 
til*'  total  ciectrieal  station  capacity  available  for  all  purposes  in 
(iiTiiianv.  little  nirin*  than  a  vear  affo,  was  onlv  224,000  kilo- 
watts,  as  airainst  i'j»'*»,Onii  kilowatts  for  the  United  States.* 

Let  ns  l>e<^nn  our  consideration  of  the  subject  by  first  defining 
a  siqx-rlieated  vapor,  and  then  applying  the  known  law  for  snper- 
lieated  steam  io  a  concn-te  case.  ''A  dry  and  saturated  vapor, 
not  in  contact  with  the  liqui<l  from  which  it  is  formed,  maybe 
h**ated  to  a  temiH-rature  grf»ater  than  that  corresponding*  to  the 
given  prfssur*!  for  the  siinie  vajKjr  when  saturated ;  such  a  vapor 
is  said  to  be  siqHM-lieated."+  The  equation  for  superheateil  steam 
is  jrr  =  O'l.riZ'  —  I'Tl  j'\  in  wliich  y>  is  the  aljsolute  pressure  in 
jKurnds  \u'r  square  foot.  >•  is  the  volume  in  cubic  feet,  and  jTis  the 
absolute  UfinjX'iiiture  in  degrees  Fahr.  Saturated  steam  at  150 
|K>unds  boiler  pressure  has  a  temperature  of  305.7  degrees  Fahr. 
If  a  ]K>und  be  suiK?rheate<I  to  orio  <h.»grees,  the  volume  remaining 
constant,  or  alxnit  '2,7o*\  cubic  f<fet,  according  to  the  above  equa- 
tion, tlMi  pressure  will  become  about  202  iK)unds.  One  pound  of 
saiurati'd  steam  at  the  same  temperature  would  probably  develop 
a  i)ressun;  *»xcee(ling  I.-VjO  pounds  i>er  square  inch.  If,  however, 
as  is  the  case  through  expansion,  the  [iressure  of  the  superheated 
steam  remains  practically  constant,  and  the  volume  increases,  in- 
stead of  2.750  cubic  feet.  ^>.074  cubic  feet  is  the  space  occupied 
by  one?  jwiund.  AVitii  a  feed-water  temjierature  of  100  degrees, 
I.liir>.5  British  thermal  units  must  1x3  addetl  to  one  ix)und  to 
evaiK>rate  it  at  l."iO  pounds  jiressun.'.  A  further  addition  of  112.C 
Hritish  tiiermal  units  will  supcM'heat  it  to  ♦U>0  degrees,  and  increase 
tij«;  voiuiiie  from  if.7r>0  cubic  fec^t  to  3.074  cubic  feet.  In  other 
words,  U'W  ]M'r  C(?nt.  adtlitir»nal  heat  increases  the  volume  of  the 
steam  '.y.\\  [x^r  ecu  I. 

Tiie  relations  may  be  ext»mplilied  by  a  consideration  of  the 
accompanying  diagram.  Fig.  3«ll .  SupjK>se  that  a  given  weight  of 
saturate<l  steam  has  ilie  volume  ^y,  and  that  an  equal  weight  of 
supt^rlu'alcd  steam  has  the  volume  tfh.  If  the  saturated  steam 
expands  adial)alicjiily  in  a  non-con<lucting  cylinder — that  is,  the 
inii'insic  ein.'r<rv  of  iIk;  steam  is  turned  into  work  without  loss  or 
gain  of  licat — llxi  ♦*xponential  curve  (//t^j*v^'^^  =  c,  will  represent, 
appi'oximatt'ly,  th(^  jinM-ess,  and  tin?  area  affhif  the  work  done. 

*  I'liilip  Dawson,  Kfif/fnn  nnff.  Ai)nl  27,  10<)0. 

-f  < '.  If.  I'i'uImmiv,  "  Tlicrmodyiiaiiiics  of  the  Steam  En^ne." 
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The  steam  loses  beat,  and  a  portion  condenses  during  the  process, 
as  may  be  seen  by  comparing  tiie  lines  go  and  yA,  gc  being  tlio 
curve  of  saturated  steam,  whicli  follows  approximately  the  rela- 
tion p«''°"°  —  c.  If  the  superheated  steam  expanded  adiabatically 
the  curve  he  ivoiild  be  plottetl  from  the  i-elation^su'''^  =  c.  At  a 
the  point  of  saturation  would  be  reached,  ami  from  then  on  con- 
densation would  ensue,  and  the  curve  cd^pv^-^  =  c,  would  repre- 
sent  the   process  thereafter.      The   work  performed   would   be 


repi-esentetl  liy  the  urea  abdef,  and  the  gain  duo  to  superheating 
by  tiie  [lortion  which  is  cross  hatcheil. 

As  superheated  steam  is  more  nearly  in  the  condition  of  a  per- 
fect gas,  its  s]tecific  heat  is  low,  and  the  su|>erheat  is  soon  lost 
(luring  expansion.  To  illustrate,  the  sjiecific  heat  of  saturated 
steam,  which  varies  witli  the  temperature  and  pressure,  is  given  for 
the  fuJliiwing  absolute  pi'essures  :* 


Specific  I 


'  in  poiinds  per  squ 
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For  su|)crhcateil  steam  the  s[)ecific  Leat  at  constant  pressure  is 
about  .4rS05,  and  for  air  it  is  .2375. 

There  is  always  a  loss  by  radiation  in  the  steam  pipes  and 
passiiges,  as  Avell  as  a  loss  due  to  clearance,  and  to  the  heat 
al>s<)rption  bv  the  cylinder  walls,  Avhich  are  exposed  periodically  to 
the  temiKM-ature  of  the  exhaust.  The  advantage  of  superheated 
steam  may  be  attributeil  to  three  considerations:  at  high  tempera^ 
ture  it  behaves  like  a  gas,  and  a  considerable  amount  of  heat  may 
be  abstracteil  before  any  |)ortion  will  liquefy ;  a  moderate  addition 
of  heat  [)r(>duces  a  proportionately  large  increase  in  volume,  and 
diminishes  the  weight  of  steam  useil  |>er  stroke  for  a  given  amount 
of  work ;  it  has  a  greatly  reduced  thermal  conductivity  as  com- 
pared with  saturated  steam,  and  therefore  the  heat  absorbed  by 
the  cylinder  walls  becomes  a  fraction  onlv  of  what  it  would 
otherwise  be. 

To  gain  any  advantage  from  the  increase  of  volume  the  super- 
heating should  be  carried  to  the  highest  degree  pmcticable.  Ex- 
perience has  shown  that  the  steam  should  be  heated  125  to  175 
degrees  alx)ve  the  saturation  temperatui'e,  in  order  to  prevent  con- 
densation before  cut-olT.  Even  in  a  non-conducting  cylinder  it 
would  be  impossible,  with  a  high  initial  pi'essure,  to  preserve  the 
steam  in  a  superheated  condition  till  the  end  of  expansion.  With 
lower  i>ressurc^  an  initial  temperature  of  050  degi*ees  is  necessary 
in  order,  theoretically  even,  to  permit  of  superheat  in  the  ex- 
haust. In  the  engine  as  actually  constructeil  there  are  many  dis- 
turbing elements.  From  one-quarter  to  one-half  of  the  so-called 
dry  steam  entering  the  cylinder  is  condensed  during  admission,  and 
the  UKjst  of  it  goes  out  of  the  exhaust  port  without  having  per- 
formed iinv  woi'k.  lender  the  best  conditions  an  initial  condensa- 
tion  of  at  least  twenty  p«M'  cent,  is  to  be  exj>ected.  There  is  fre- 
quently, during  c'xpansion,  a  partial  reevajKH-jition  of  the  steam  con- 
densed during  admission,  and  tests  on  multiple-expansion  engines, 
driven  Avitli  saturated  sttuim,  and  equipped  Avith  cylinder  jackets 
and  reh(*ating  receiveis,  have  sometimes  shown  the  steam  to  be 
slightly  s^p(^rlleate(l  at  release  in  the  low-pressure  cylinder. 

Tliougli  the  advantage  to  he  deprived  from  su{)crheated  steam 
was  appn^ciatud  fifty  or  sixty  ycnirs  ago.  the  mechanical  difficulties 
encountiM'ed  sto<nl  in  tlu^  way  of  its  widespread  adoption  until 
Avithin  the  past  five  or  ten  yeai*s.  The  danger  of  burning  out  the 
metallic  surfaces,  exposi'd  to  the  high  temperatures,  bad  to  be 
met,  and  Avliilt^  it  cannot   he  eliminated,  the  fact  that  there  are 


THE    PRACTICAL   APPLICATION    OF    SfPEHlIKATED   STEAM.       110;^ 

thousands  of  such  installations,  both  large  and  small,  in  every-tlay 
use  at  the  present  time,  is  good  evidence  that  it  has  been  minimized. 

The  use  of  high  fire-test  mineral  oils  for  cylinder  lubrication, 
and  of  metallic  or  asbestos  packing,  disposes  of  the  other  most 
serious  questions.  More  careful  and  more  plentiful  lubrication  is 
rei^uired  unquestionably  than  with  saturated  steam,  for  the  pres- 
ence of  condensed  steam  on  the  cj'linder  walls  is  an  undoubted 
aid  to  their  proper  lubrication.  The  temperatures  are  not  as  high 
as  those  of  gas-engine  cylinders,  and,  in  fact,  unless  the  steam  is 
highly  superheated,  the  temperature  at  cut-off  is  probably  little 
above  that  of  saturatefl  steam. 

European  practice  in  this  matter  of  lubrication  is  very  different 
fram  American.  Instead  of  a  lubricator  attached  to  the  steam 
pipe  above  the  throttle,  and  depending  upon  the  hydrostatic  pres- 
sure of  condensetl  steam  to  force  the  oil  into  the  pipe,  a  little 
pump,  operated  by  a  ratchet  wheel  driven  from  some  reciprocat- 
ing part  of  the  valve  gear,  forces  the  oil  through  small  tubes 
directly  to  the  valves  or  other  parts  requiring  it. 

Experience  has  shown  that,  with  engines  of  ordinary  design 
using  superheated  steam,  a  temperature  at  the  throttle  of  475  de- 
grees Fabr.  should  not  be  exceeded.  How  far  the  superheating 
can  be  safely  carried  with  a  given  engine  can  be  determined  by 
experiment  only,  as  it  depends  largely  u|K>n  the  construction.  It 
often  happens  that  a  much  lower  temperature  than  475  degrees  is 
found  advisable,  but  even  then  a  considerable  saving  may  be  made 
in  theoperating  expense.  If  the  temperature  becomes  much  higher, 
operation  may  become  impossible  on  account  of  the  difficulty  in 
lubricating  the  working  parts  properly,  or  the  expenditure  for  lubri- 
cants may  be  so  great  as  to  neutralize  any  advantage  derived  other- 
wise. Tlie  lubrication  difficulty  prevents  the  use  of  unbalnnce<l 
slide  valves  with  very  high  temperatures,  and  compels  the  applica- 
tion of  poppet  valves,  or  completely  balanced  piston  valves. 

As  an  example  of  the  effect  of  differing  degrees  of  su|)erheat, 
three  tests  on  a  twenty  horsepower  non-condensing  engine,  men- 
tioned by  Carl  Jacobi,  may  be  quoted.*  The  steam  pressure  was 
about  100  ijounds. 

464aeg,  Fiihr 38 
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For  sii|)crhcatcd  steam  the  s|)ecific  heat  at  constant  pressure  is 
about  .4805,  and  for  air  it  is  .2375. 

There  is  always  a  loss  by  radiation  in  the  steam  pipes  and 
passages,  as  well  as  a  loss  due  to  clearance,  and  to  the  heat 
absorption  by  the  cylinder  walls,  which  are  exposed  periodically  to 
the  tenii)erature  of  the  exhaust.  The  advantage  of  superheated 
steam  may  be  attributed  to  three  considerations :  at  high  temperar 
ture  it  behaves  like  a  gas,  and  a  considerable  amount  of  heat  may 
be  abstracteil  before  any  i>ortion  will  liquefy ;  a  moderate  addition 
of  heat  i)roduces  a  proportionately  large  increase  in  volume,  and 
diminishes  the  weight  of  steam  used  ])er  stroke  for  a  given  amount 
of  work;  it  has  a  greatly  reduced  thermal  conductivity  as  com- 
pared with  siiturated  steam,  and  therefore  the  heat  absorbed  by 
the  cylinder  walls  becomes  a  fraction  onl}'^  of  what  it  wouM 
otherwise  be. 

To  gain  any  advantage  from  the  increase  of  volume  the  super- 
heating should  be  carried  to  the  highest  degree  piticticable.  Ex- 
jjerience  has  shown  that  the  steam  should  be  heated  125  to  175 
degrees  above  the  saturation  temperature,  in  order  to  prevent  con- 
densation before  cmU-oIT.  Even  in  a  non-conducting  cylinder  it 
would  be  impossible,  with  a  high  initial  pressure,  to  preserve  the 
steam  in  a  superheated  condition  till  the  end  of  expansion.  With 
lower  ])ressures  an  initial  temperature  of  Cu>0  degi^ees  is  necessary 
in  order,  theoretically  even,  to  permit  of  superheat  in  the  ex- 
haust. In  the  engine  as  actually  constructed  there  are  many  dis- 
turbing elements.  From  oncMpiarter  to  one-half  of  the  so-called 
dry  steam  entering  the  cylinder  is  condensed  during  admission,  and 
the  most  of  it  goes  out  of  the  <?xhaust  ])ort  without  having  per- 
formed anv  work.  Under  the  best  conditions  an  initial  condensa- 
tion  of  at  h»asL  twenty  ptM*  cent,  is  to  be  expecteil.  There  is  fre- 
quently, during  expansion,  a  partial  reevaiM)ration  of  the  steam  con- 
densed during  admission,  and  tests  on  multiple-expansion  engines, 
driven  with  saturated  steam,  and  equipped  with  cylinder  jackets 
and  reheating  I'eceivers,  have  sometimes  shown  the  steam  to  be 
slightly  superheated  at  release  in  the  low-pressure  cylinder. 

Though  the  advantage  to  he  derived  from  superheated  steam 
was  appn^eiated  fifty  or  sixty  years  ago.  the  mechanical  difficulties 
encountered  stood  in  the  way  of  its  widespread  adoption  until 
within  th<5  past  five  or  ten  Venn's.  Tin*  ilanger  of  burning  out  the 
metallic  surfaces,  exposed  to  the  high  temperatures,  had  to  be 
met,  and  while  it  cannot   Ix^  eliminated,  the  fact  that  there  are 
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tliousiinils  of  such  installations,  both  large  and  small,  in  every-day 
use  ;it  the  present  time,  is  gooil  evidence  that  it  has  been  minimized. 

Tbo  use  of  high  iire-test  ininetul  oils  for  cylinder  lubrication, 
and  of  metallic  or  asbestos  |)acking,  disposes  of  the  other  most 
serious  questions.  More  careful  and  more  plentiful  lubrication  is 
required  unquestionably  than  with  saturatetl  steam,  for  the  pres- 
ence of  condensed  steam  on  the  cylinder  walls  is  an  undoubted 
aid  to  their  proper  lubrication.  The  temperatures  are  not  as  high 
as  those  of  gas-engine  cylindei's,  and,  in  fact,  unless  the  steam  is 
highly  superheated,  the  temperature  at  cut-off  is  probably  little 
above  that  of  saturated  steam. 

European  practice  in  this  matter  of  lubrication  is  very  different 
from  American.  Instead  of  a  lubricator  attached  to  the  steam 
pipe  above  the  throttle,  and  depending  upon  the  hydrostatic  pres- 
sure of  condenseil  steam  to  force  the  oil  into  the  pipe,  a  little 
pump,  operated  by  a.  ratchet  wheel  driven  from  some  reciprocat- 
ing part  of  the  valve  gear,  forces  the  oil  through  small  tubes 
directly  to  the  valves  or  other  parts  requiring  it. 

E.\perience  has  shown  that,  with  engines  of  ordinary  design 
using  su()erheated  steam,  a  temperature  at  the  throttle  of  475  de- 
grees Fahr.  should  not  be  esceedeil.  How  far  the  superheating 
can  be  safely  carried  with  a  given  engine  can  he  determined  by 
experiment  onlj',  as  it  depends  largely  upon  the  construction.  It 
often  happens  that  a  much  lowertemperature  than  475  degrees  is 
found  advisable,  but  even  then  a  considerable  saving  may  be  made 
in  theoperating  expense.  If  the  temperature  becomes  much  higher, 
operation  mny  become  impossible  on  account  of  the  difficulty  in 
lubricating  the  working  parts  properly,  or  the  expenditure  for  lubri- 
cants may  be  so  great  as  to  neutralize  any  advantage  derived  other- 
wise. T!ie  lubrication  difficulty  prevents  the  use  of  unbalanced 
slide  valves  with  very  high  temperatures,  and  compels  the  applica- 
tion of  poppet  valves,  or  completely  balanced  piston  valves, 

As  an  example  of  the  effect  of  differing  degrees  of  su]>erheat, 
three  tests  on  a  twenty  horsepower  non-condensing  engine,  men- 
tioned by  Carl  Jacoiji.  may  be  quoted,*  The  steam  pressure  was 
about  100  jiounds. 

Tempetjirure  n(  Slenni.  '"J^rHt™^w«  Hoar™"  ' 
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530      ■        ■■     33.5 

(183     "        ■■     17.5 

"Paper  rend  to  the  SacliBiaclien  Ingeuiearvereia  D,  log.  ami  Sachsischen 
Electrotcclm.  O'.'sellBclinft. 
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For  sui)erhcated  steam  the  s|)ecific  beat  at  constant  pressure  is 
about  .4rS05,  and  for  air  it  is  .2375. 

There  is  ahva\'s  a  loss  by  radiation  in  the  steam  pipes  and 
passages,  as  well  as  a  loss  due  to  clearance,  and  to  the  heat 
absf>rption  by  the  cylinder  walls,  Avhich  are  exposed  periodically  to 
the  temi^erature  of  the  exhaust.  The  advantage  of  superheated 
steiuu  may  be  attributed  to  three  considerations:  at  high  tempera- 
ture it  beliavcs  like  a  gas,  and  a  considerable  amount  of  heat  may 
be  abstracted  before  any  i)ortion  will  liquefy ;  a  moderate  addition 
of  heat  i)roduces  a  projx)rtionately  large  increase  in  volume,  and 
diminishes  the  weight  of  steam  used  \>er  stroke  for  a  given  amount 
of  work ;  it  has  a  greatly  reduced  theimal  conductivity  as  com- 
pared  with  saturateil  steam,  and  therefore  the  heat  absorbed  by 
tlie  cylinder  walls  becomes  a  fraction  only  of  what  it  would 
otherwise  be. 

To  gain  any  advantage  from  the  increase  of  volume  the  super- 
heating should  be  carried  to  the  highest  degree  practicable.  Ex- 
perience has  shown  that  the  steam  should  be  heated  125  to  175 
degrees  above  the  saturation  temperature,  in  order  to  prevent  con- 
densation before  cut-off.  Even  in  a  non-conducting  cylinder  it 
would  be  impossible,  with  a  high  initial  pressure,  to  preserve  the 
steam  in  a  sujxirheated  condition  till  the  end  of  expansion.  With 
lower  ])ressures  an  initial  temperature  of  050  degi'ees  isn< 
in  order,  theoretically  even,  to  permit  of  superheat  in  the 
haust.  In  the  engine  as  actually  constructed  there  are  many  dis- 
turbing elements.  From  one-quarter  to  one-half  of  the  so-called 
dry  steam  entering  the  cylinder  is  condenseil  during  admission,  and 
the  most  of  it  goes  out  of  the  exhaust  ])ort  without  having  per- 
formed any  work.  LTnd<^r  the  best  conditions  an  initial  condensa- 
iion  of  at  h^ast  twenty  ])or  cent,  is  to  be  expecteil.  There  is  fre- 
quently, during  expansion,  a  partial  reeva) K-ration  of  the  steam  con- 
densed during  admission,  and  tests  on  multiple-expansion  engines, 
driven  with  saturated  steam,  and  equipped  with  cylinder  jackets 
and  reheating  receivei^s,  have  sometimes  shown  the  steam  to  be 
slightly  superheated  at  release  in  the  low-pressure  cylinder. 

Though  the  advantage  to  be  derived  from  superheated  steam 
Avas  appreciated  fifty  or  sixty  years  ago.  the  mechanical  difficulties 
encountered  stood  in  the  way  of  its  widespread  adoption  until 
within  the  past  five  or  ten  velars.  Th<»  danger  of  burning  out  the 
metallic  surfaces,  exposed  to  the  high  temperatures,  bad  to  be 
met,  and  while  it  cannot  he  eliminated,  the  fact  that  there  are 
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thousands  of  such  installations,  both  large  and  small,  in  every-day 
use  at  the  present  time,  is  good  evidence  that  it  has  been  minimized. 

The  use  of  high  fire-test  mineral  oils  for  cylinder  lubrication, 
and  of  metallic  or  asbestos  [lacking,  disposes  of  the  other  most 
serious  questions.  More  careful  and  more  plentiful  lubrication  is 
required  unquestionably  than  with  saturatenl  steiim,  for  the  pres- 
ence of  condensed  steam  on  the  cylinder  walls  is  an  undoubteil 
aid  to  their  proper  lubrication.  The  temperatures  are  not  as  high 
as  those  of  gas-engine  cylinders,  and,  in  fact,  unless  the  steam  is 
highly  superheated,  the  temperature  at  cuUofl  is  probably  little 
above  that  of  saturated  steam. 

European  practice  in  this  matter  of  lubrication  is  very  different 
from  American.  Instead  of  a  lubricator  attached  to  the  steam 
pipe  above  the  throttle,  and  depending  upon  the  hydrostatic  pres- 
sure of  condensed  steam  to  force  the  oi!  into  tbe  pipe,  a  little 
pump,  operated  by  a  ratchet  wheel  driven  from  some  reciprocat- 
ing part  of  the  valve  gear,  forces  the  oil  through  small  tubes 
directly  to  the  valves  or  other  parts  requiring  it. 

Experience  has  shown  that,  with  engines  of  ordinary  design 
using  superheated  steam,  a  temperature  at  the  throttle  of  475  de- 
grees Fahr.  should  not  be  exceeded.  How  far  the  superheating 
can  be  safely  carried  with  a  given  engine  can  be  detenidned  hy 
experiment  only,  as  it  depends  largely  upon  the  construction.  It 
often  happens  that  a  much  lower  temperature  than  475  degrees  is 
found  advisable,  but  even  then  a  considerable  saving  may  be  made 
in  the  operating  expense.  If  the  temperature  becomes  much  higher, 
operation  may  become  impossible  on  account  of  the  difficulty  in 
lubricating  the  working  parts  properly,  or  the  expenditure  for  lubri- 
cants may  be  so  great  as  to  neutralize  any  advantage  derived  other- 
wise, Tbe  lubrication  difficulty  prevents  the  use  of  unbalanced 
slide  valves  with  very  high  temperatures,  and  compels  the  applica- 
tion of  poppet  valves,  or  completely  balance<i  piston  valves. 

As  an  example  of  the  effect  of  differing  degrees  of  superheat, 
three  tests  on  a  twenty  horse-power  non-condensing  engine,  men- 
tioned by  Carl  Jacobi,  may  be  quoted.*  The  steam  pi-esaure  was 
about  100  pounds. 

■rcmpcrarur-  of  Sl.^m.  ^"*l"r  H™X"  Bo^"'^' 
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Tlie  libove  comparison  is  rough,  and  unduly  favorable  to  the 
tests  run  with  the  higher  temperature,  since  the  only  true  basis 
for  comparison  is  the  heat  consumption.  While  a  proportionate 
diflFerence  in  the  coal  consumption  wouhl  not  appear,  were  it  pos- 
sible to  give  the  figures,  the  fact  should  not  be  overlooked  that  a 
material  reduction  in  the  steam  consumption  means  a  correspond- 
ing cut  in  the  required  boiler  capacity. 

Some  notion  of  the  relative  economy  of  different  types  of  en- 
gines Avorking  with  highly  su|)erheated  or  with  saturated  steam 
may  be  gained  from  the  following  table,  given  by  Herr  Jacobi, 
in  which  the  res|>ective  thermal  efficiencies  are  expressed  : 


ENGINES  WORKIN<;  WITH 


S.\TruATKn  Stkaji. 
TyiK.' 


Hor«'- 

JIOWtM. 


Simple  iion-condenH- 

ing '^0 

Siniplo  coiHlensing..  40 

Compound  condcriH- 

u\g 150 

Triple   ex.  condens- 
ing          400 


Thcnniil 
EfflcliMu-y. 
p.  V. 

6.7 
9.2 

13.3 

16.5 


II:oiiLT  Superheats D  Steax. 
Typo 

Simple  non-condens- 


power.      BfllcieiicT. 
p.  c. 


nig 80 

Simple  condensing. .      40 

Compound  rondens- 

I     ing 90 

("om pound  condens- 


jni,', 


250 


13.6 
15.6 

81.0 

22.0 


Comparative  tests  to  (h?termine  the  rehitive  economy  of  sat- 
urated and  superheated  steam  liave  been  run  on  many  different 
tv|)es  and  sizes  of  entwines,  with  varying  degrees  of  8U|)erheat, 
(luring  the  past  few  years,  by  various  well-known  engineers.  To 
refer  to  even  a  sinall  pc^rcentage  would  take  too  much  time,  and 
would  soon  become  monotonous.  A  net  ffain  in  economv  of  ten 
to  iiftceii  per  cent,  is  a  ccmimon  result,  while  a  saving  of  twenty, 
tw(Mitv-fiv<\  and  even  thirtv  ])er  c(»nt.  is  bv  no  means  uncommon. 
Of  couise  tlio  larg(»st  saving  is  made  with  the  more  wasteful 
types  of  engin<»s. 

The  most  economicral  n^sults  thus  far  obtained  have  been  sc^ 
cui'ed  with  compound  (mgines  using  superheated  steam.  The  use 
of  ti'iple-expansion  mac'liines  is  iliouglit  by  many  designers  to  be 
inadvisai)l(\  because  of  increased  initial  expense,  increased  friction^ 
increased  oil  consumption,  care  and  complication,  and  inadapta- 
tion  to  flu(^tuating  loads,  to  say  nothing  of  jackets,  reheaterSi  and 
space  rcquircMuents. 

A  tnple-<*xpansion  engine  installed  at  the  factory  of  Ed. 
Vaucher  et  Cie.,  of  Miiliiausen,  was  so  arrangetl  that  it  could  be 


JSk. 


THE    PllACTlL-AL   AI'PL1i:ATIUN    OP    SUl^EHnEATEll    STEAM.       Oll5 

operated  as  a.  triple,  with  superheato*!  steam  in  the  higli-pressuio 
cylinder,  or  as  a  conapound  engine  witk  a  reheating  receiver,  anil 
using  superheate<l  steam,  therefore,  in  botli  cylinders.*  APhen 
operated  aa  a  compound  machine  there  was  a  gain  of  10.5  per 
cent,  over  the  steam  consumption,  and  6  per  cent,  over  the  coal 
consumption,  of  the  engine  when  operated  as  a  triple,  and  a  re- 
duction in  the  indicated  work  from  740.5  horse-power  to  t2~.2 
hoi-se-power,  atthough  the  load  carried  under  both  conditions  was 
kept  the  same. 

Tests  condncted  by  R,  Doerfel  oa  a  vertical  triple-expansion 
mill  engine,  in  Zwodau,  were  reported  in  the  Zeitsckrift  den 
Yereines  deuUcJter  Ingenleurf,  December  16,  1S99.  The  cylin- 
der sizes  areapproximately  il3J  inches,  37J  inches,  and  S3  inches 
diameter,  by  35^  inch  stroke ;  the  speed,  85^  revolutions  per  min- 
ute. The  high-pressure  cylinder  has  poppet  valves,  the  intermedi- 
at©  and  low,  four  rolling  valves  each,  of  the  Coriiss  type,  operated 
by  wrist  plates,  but  without  any  releasing  gear.  The  high-pres- 
sure cylinder  h(is  a  jacket  which  is  traversed  by  the  exhaust, 
and  i-eally  constitutes  tlie  firet  receiver.  This  arrangement  is 
thought  to  have  no  ill  effect  on  the  performance  in  the  high- 
pressure  cylinder,  and  to  minittiize  the  loss  by  external  radiation. 
The  intermediate  and  low-pressure  cylindei's  arc  not  jacketed, 
nor  are  special  receivers  provided. 

Four  tests  were  made,  of  four  hours  each,  in  April,  1898,  witU 
steam  of  139  pounds  boiler  pressure,  and  superheated  from  13*5 
degrees  to  1.t3  degrees,  corresponding  to  a  temperature  at  tiie 
throttle  of  about  500  degrees  Fahr.  The  steam  consumption  was 
between  10^  and  11  pounds  per  horse-power  per  hour,  and  the 
heat  consumption  13,572  to  13,866  British  thermal  units.  TLo 
indicated  rale  of  work  ranged  from  613  to  802  horse-power.  After 
analyzing  the  results,  the  inference  is  drawn  that  with  three-cylin- 
der machines  the  influence  of  the  high  temperature  is  limited  too 
closel}'  to  the  high-pressure  cylinder.  The  intermediate  cylinder 
derives  some  slight  benefit,  and  the  low-pressure  cylinder  little  or 
none. 

It  is  common  practice  to  omit  the  jacket  from  the  iiigh-press- 
ure  cylinder,  but  to  retain  it  on  the  low,  though  some  builders 
prefer  to  use  a  reheating  receiver,  and  no  steam  jacket  on  either 
cylinder.     Since  tlie  mission  of  the  jacket  is  to  reduce  the  initial 

*  Paper  rrud  by  A,   Itledec  to  the   AAClirner   Bealiks-Vereln  deuUcher  Inge- 


906      TIIK   PRACTICAL   APPLICATION   OF   SUPERHEATED    STEAIC. 

condensation,  it  would  seem  useless  to  introduce  it^  Avith  the  extra 
complication  and  expense  entailed,  if  the  same  result  can  as  well 
be  attained  in  another  Avav. 

In  this  connection  a  series  of  ten  ex|)erimentd  reported  by 
Doerfel  *  are  of  interest.  Tliey  Avere  conducted  on  a  simple  18- 
inch  X  3f>-inch  Corliss  engine,  running  74  revolutions  per  minute^ 
at  a  machine-shop  in  Karolinenthal,  .and  developing  from  30  to  50 
hoi-se-power.  The  engine  ran  condensing,  Avith  steam  pressnreB 
ranging,  on  the  different  tests,  from  7  to  17  pounds.  The  steam 
Avas  heated  45  degrees  to  2r)5  degrees  Fahr.  above  the  saturation 
temperature,  and  the  steam  consumption  diminished  from  30.3 
])ounds  per  horse-power  hour,  with  tlie  lower  temperature  and 
])ressure,  to  20  pounds  at  the  higher  temperature  and  pressure. 
Expressed  in  terms  of  the  heat  consumption,  the  saving  is,  of 
course,  not  so  marked,  though  upwanls  of  28  per  cent.  The  heat 
consumption  diminislied  from  35,160  British  thermal  units  per 
horse-power  liour,  to  25,340  ]>ritisli  thermal  units. 

St(?am  was  used  in  the  jackets  during  fiA^e  of  the  tests,  but  so 
far  as  any  visible  effect  is  to  be  seen  in  the  results,  the  jacket 
could  !)(}  dispensed  with.  As  the  temperature  of  superheat  in- 
creased, the  heal  consumption  of  the  jacket  diminished,  being  1.5 
jxM*  cent,  of  the  total  in  the  iirst  test,  and  .5  per  cent,  in  the  last 

Judging  from  the  results,  a  large  saving  can  be  effected  in 
many  old  plants  using  com[Mjund  engines,  by  superheating  the 
receiver  steam,  even  though  it  may  not  be  possible  to  properly 
lubricate  Corliss  valves  when  using  su|>erheated  steam  under  high 
pressure.  Tlie  su[)erheating  could  best  be  effected  with  highly 
superheated  steam  introduced  into  the  heating  coils  of  the  re- 
ceiver, and  passing  thence  to  the  throttle  valve. 

Engines  using  this  principle  have  been  built  in  Bohemia.  A 
compound  engine,  20  inches  and  4S  inches  by  52  inches,  installed 
in  a  cotton  factory  in  Schlan,  in  1S08,  was  tested  in  July  of  that 
year,  and  in  the  following  January.f  The  engine  is  underloaded, 
cutting  oif  at  one-tenth  stroke,  runs  7-1:  revolutions  per  minute, 
and  develops  500  to  575  horse-power  with  steam  of  one  hundred 
l)ounds  boiler  pressure.  The  high-]>ressure  cylinder  is  jacketed, 
and  the  steam,  heated  to  a  temperature  of  550  degrees  Fahr.,  or 
thereabouts,  passes  through  the  heating  coils  of  the  receiver,  and 
tlu^  high-pi'essure  jacket,  before  reaching  the  steam  chest.     A  test 

*  Ziitarhrift  fh'8  VinifnM  (lenffichrr  lugenienre,  PecemberO,  1890. 
+  Doeri'rl,  Ztita.  d.  Vcr.  (hutschir  Jiifj.,  December  9,  1899. 
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Bliowecl  tbat  the  receiver  steam,  at  two  pounds  pressure,  was 
suiJerheated  by  ibis  arrangement  110  degrees,  and  the  steam  ac- 
counted for  at  cut-off  by  the  low-pressure  indicator  card  was 
11,51  pounds,  while  the  actual  consumption  of  the  engine  was 
n.Sl  pounds  per  horse-power  per  hour.  In  other  words,  the 
device  neutralized  almost  completely  the  initial  condensation  in 
the  low-pressure  cylinder.  The  steam  temperatures  were,  at  the 
boiler,  591  degrees  Fahr.;  before  the  receiver  heating  coils,  540 
degrees,  and  at  the  throttle,  405  degrees. 

In  the  case  of  large  engines,  where  the  area  of  the  cylinder 
walls,  or  the  cooling  surface,  is  small  as  compared  with  the  vol- 
ume of  steam  admitted,  the  walls  might  become  so  hot  during  a 
period  of  heavy  load  and  late  cut  off  as  to  render  lubrication  diffi- 
cult. Aeeordingly,  some  engines  have  been  built  with  a  special 
valve  under  the  control  of  the  regulator,  which,  during  periods  of 
overload,  admits  steam  from  the  main  pipe  to  the  heating  coils  of 
the  receiver,  and  thus  cools  the  steam  before  it  reaches  the  throt- 
tle. An  engine  installed  iu  Amsterdam,  and  tested  by  Professor 
Ewing,  has  the  valve  so  arranged  that  it  opens  when  the  receiver 
pressure  rises,  that  fact  implying  that  a  eraaller  part  of  the  whole 
expansion  is  taking  place  in  the  high-pressure  cylinder,  that  there 
is  less  need  of  superheat  there,  and  that  it  is  advantageous  to 
transfer  the  excess  to  the  low-pressure  cylinder.  For  simple  en- 
gines, saturated  steam  may  be  drawn  directly  from  the  boiler  to 
mix  with  the  superheated  steam.  In  the  extreme  position  of  the 
regulator,  equal  quantities  of  saturated  steam  and  of  superheated 
steam  are  admitted,  in  the  attempt  to  keep  the  packing  rings 
always  in  a  zone  of  saturated  or  of  slightly  superheated  steam. 

If  superheated  steam  be  used  in  an  old  pipe  line,  designed  for 
saturated  steam,  there  will  be  found  a  diminished  difference  in 
pressure  between  the  two  ends  of  the  main,  because  a  gas  of  much 
less  density  is  bandied,  without  entrained  moisture  and  with  less 
friction.  "With  a  speed  of  one  hundred  feet  per  second  the  loss  in 
pressure  will  be  no  more  than  with  a  speed  of  sixty  feet  for  wet 
steam.  The  larger  the  pipe,  the  greater  the  loss  by  radiation  ; 
the  smaller  the  pipe,  the  greater  the  loss  by  throttling.  The  loss 
by  radiation  may  be  1  degree  Fahr.  for  3  feet  of  pipe,  but  with 
good  thick  covering,  a  very  high  steam  8|ieed,  and  a  correspond- 
ingly small  radiating  surface,  the  loss  has  been  reduced  to  1  de- 
gree for  6  linear  feet  of  piping. 

Either  metallic  or  asbestos  packing  should  be  used  for  making 
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th».'  Joints  in  tiie  pip.'  line.  Kieselguhr.  a  ]¥>rous  infusorial  earth, 
is  an  approve«l  covt^ring  for  the  pipes,  valves,  and  flangeSi  and 
sLouM  hff  appii'fil  libeRilIy.  The  steam  cylinder  should  be  well 
l^roUxvA  als<^.  since  nuliation  there  may  have  quite  an  ^ect^ 
esfM^:ialIy  if.  as  in  the  more  common  type  of  Corliss  engines,  the 
cyiintier  ends  aroumi  the  steam  valves  are  wholly  unprotected. 
The  increastf.'il  temi^eratui^e  near  the  engine  is  quite  noticeable 
wiien  it  is  run  with  sujK-riieateil  steam. 

Tiie  iieman<l  for  condensing  water  is  no  greater  than  with 
saturate**!  steam,  ami  it  may  easily  be  less.  A  portion  of  the 
adde<l  iieat  is  turned  into  work  and  if  more  beat  per  pound  of 
steam  is<j*:ii  out  with  tiie  exhaust,  since  the  steam  consumption  is 
diiiiiriisiied.  the  <lemand  for  cooling  water  should  be  no  greater, 
and  possibly  no  less. 

Tiie  installation  of  a  superheater  is  equivalent  to  an  increase  in 
boiler  capacity,  and  enai)les  intermittent  loads,  such  as  are  im- 
p>se<l  u\X)n  hoisting  or  rolling-mill  engines,  to  be  handled  with- 
out dang*:r  of  water  being  carried  over  to  the  engine  cylinder 
when  startinL^ 

Tr>  i\i;:>(:v\\}*:  r'viMi  a  consi<lerable  percentage  of  the  many  super- 
heaters manufactured  would  lead  to  much  wearisome  repeti- 
tion, and  the  attempt  will  therefore  be  made  to  point  out  the  im- 
portant i'(;quisities  for  any  successful  system,  and  to  describe  a 
few  which  may  be  i"<»garded  as  typical,  or  as  presenting  particu- 
larly interesting  features.  Any  given  type  is  subject  to  numerous 
modiiications,  according  to  where  it  is  to  lie  placed,  the  kind  of 
boil(;r  to  br*  e(|ui[)ped,  the  space  available,  the  amount  of  super- 
hf'at  required,  or  otlitT  s|>ecial  con<litions.  A  comparison  of  the 
settings  shown  for  different  water-tube  boilers,  and  the  plans 
dijvised  for  k«*epinLr  tlui  joints  out  <jf  the  lire,  and  for  protecting 
liMM'r>iis  fnjui  «»veriieating,  by  means  of  dami^crs,  is  quite  inters 
est  i  rig. 

Almost  any  kiml  of  superheater  can  be  fired  independently,  or 
can  be  arranged  in  connection  with  the  boiler  flues,  so  as  to  di^ 
pense  witii  ihr  si*parate  furnace.  The  latter  arrangement  is 
usually  pret'(M*n!d,  as  it  is  found  to  be  more  economical,  and  the 
tubes  cMti  Ix'ttt^r  b(^  protected  from  the  extreme  beat  of  the  fire- 
box. When  J  tin?  engines  are  phiced  at  a  long  distance  from  the 
boil(M's,  an  independent  superii<;ater  becomes  advisable^  The  first 
<'ost  m.iv  l)e  greater,  but  it  ucmmI  not  entail  a  large  expense  for 
maintenance,  because  the   furnace  can  be  fired  at  intervals  of 
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several  hours,  the  fire  left  to  burn  slowly  as  in  an  ordinary  stove, 
and  a  more  even  temperature  maintained.  The  space  roquii-ed  ia 
small,  and  repairs  can  easily  be  made  iE  a  suitable  by-pass  is  pro- 
vided, without  in  any  way  hindering  the  operation  of  the  rest  of 
the  plant. 

If  the  coils  are   placed  directly  in  the  boiler  flues,   without  , 
daiupers.by  means  of  which  they  may  be  pi-otectetl  from  the  hot   l 
gases,  while  the  boiler  is  being  warmed  before  steam   is  gener- 
ated, provision  is  generally  made  for  flootling  them  with  water.   1 
With  bad  feed  water  tliis  introduces  the  difficulty  with  bwd  or  I 
scale  which  must  be  guarded  against,  or  a  careless  manipulation 
of  the  valves  m-iv  cause  a  dangerous  water  hammer.     It  is,  there- 
fore, better  practice  to  dispose  iho  sujMJrhaater  so  that  it  can  be 
protected  at  sucb  times   by  dampers,  and  be  subjected  to  the 
action  internally  of  steam  alone. 

Cast-iron  superheaters  have  the  advantage  that  they  can  stand, 
without  injury,  any  temperature  to  wbicb  they  are  likely  to  be 
exposed,  when  properly  placed.  They  are  so  much  heavier  and 
tliicker  than  wrought  iron,  besides  being  ribbed  after  the  fashion  ^ 
of  a  gas-engine  cylinder,  that  they  require  a  higher  heat  for  the 
same  useful  effect,  but,  at  the  same  time,  serve  as  reservoirs  at 
heat,  and  tend  Co  equalize  the  temperature  of  the  steam  in  spite 
of  wide  variations  in  the  furnace  temperature.  They  must  he 
accessible  so  that  the  soot  can  easily  be  blown  from  the  ribbed 
surfaces.  The  use  of  cast-iron  for  such  a  purpose  introduces  a  - 
certain  element  of  danger,  though  perhaps  inconsiderable,  o 
count  of  the  porosity  of  castings  in  general,  and  the  particular 
likelihood  of  spongy  places  occurring  in  ribbed  castings. 

If  the  superheater  were  placetl  in  the  cbininey.  or  in  the  main 
flue  leading  to  it,  too  high  a  temperature  of  the  flue  gasoa  would 
be  required  for  an  economical  utilization  of  the  heat.  If  the  gases 
went  off  at  a  moderate  temperature.  350  degrees  to  500  degrees, 
the  temperature  of  superheating  attained  would  bo  so  low  as  to 
he  of  little  value.  If  placed  too  near  the  flre,  the  superheating 
coils  could  not  withstand  the  heat-  Hence  an  intermeiliate  posi« 
ti<in  must  bo  chosen,  where  the  gases  have  lost  some  of  their  heat,  I 
but  nmy  yet  give  up  more  to  the  water-beating  surface. 

The  requirements  for  a  successful  superheater  are : 

First,  security  in  operation,  or  a  minimum  danger  of  over- J 
heating. 

Second,  economical  use  of  heat  applied. 
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Thiitl,  no  exposure  of  joints  to  the  fire. 

Fourth,  provision  for  free  ex(>ansion. 

Fifth,  disposition  such  that  it  may  be  cut  out,  or  repaired,  with- 
out interfering  with  the  operation  of  the  plant. 

Sixth,  ease  of  application  to  existing  plants. 

The  tube  elements  may  be  arranged  either  in  series  or  ia  paral- 
lel. In  parallel,  a  small  quantity  of  steam  passes  through  each 
small  tube,  as  in  the  Gehre  type.  The  relatively  large  heating 
surface,  and  small  area  of  cross  section,  combined  with  the  low 
heat  conductivity  of  the  steam,  makes  this  arrangement  seem 
well  conceived.  In  series,  as  in  the  Schwoerer,  the  cross  section 
of  the  heating  coil  must  be  larger,  and  the  steam  speed  higher. 
The  high  velocity  of  flow  would  seem  to  be  effective,  as  it  en- 
hances the^whirling  or  eddying  effect  at  turns  or  bends,  causes  a 
better  mixture  of  the  current,  and  gives  a  better  chance  for  the 
whole  body  to  come  in  contact  with  the  heating  surface.  As  yet 
it  is  impossible  to  decide  which  method  is  best,  but  it  is  conceded 
that  if  the  volume  is  very  large,  and  the  superheating  surface 
small,  only  the  exterior  ])ortion  of  the  current  will  be  acted  upon. 
Steam  speeds  through  the  coils  are  taken  all  the  way  from  sixty 
feet  to  one  hundred  and  sixty  feet  j>er  second. 

It  is  an  interesting  fact  that  neither  cast  iron  nor  steel  lose  in 
tensile  strength  when  subjected  to  the  tem[)erature  of  superheated 
steam,  but,  on  the  contrary,  may  be  stronger.  Tests  made  at  the 
Watertown  arsenal,  and  summarized  by  Professor  Lanza,  showed 
that  the  tensile  strength  of  steel  diminishes  as  the  temperature 
increases  from  0  degree  Fahr.,  until  a  minimum  is  reached  be- 
tween 200  and  300  degrees,  mild  steel  reaching  the  place  of  mini- 
mum stiength  at  lower  temperatures  than  higher  carbon  steels. 
Fi'om  this  point  they  display  greater  tenacity,  increasing  some- 
times as  much  as  twenty -five  per  cent.,  as  the  temperature  in- 
creases, until  a  maximum  is  attained  somewhere  between  400  and 
r»50  degrees.  AVhile  high-carbon  steels  reach  the  temperature  of 
maximum  strength  abruptly,  and  retain  it  over  a  limited  range  of 
temperature,  mild  steels,  such  as  would  be  used  for  superheater 
tubes,  retain  the  increased  tenacity  over  a  wider  range. 

(*ast  iron  appeared  to  maintain  its  strength  with  a  tendenoy  to 
increase  until  1)00  degrees  Fahr.  was  reached,  beyond  which  the 
strength  diminished.  A  few  tests  recently  reported  by  Bach 
showed  a  practically  constant  strength  up  to  570  degreei^  and 
thereafter  a  stea<ly  drop.     At  750  degrees  there  was  a  loss  of 
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fiylit  per  cent,  ol'  tlie  tensile  stretigtli  at  i»r<liiiary  temiteru- 
t  II  res. 

The  Schmkit  system  of  utilizing  superlieated  steam,  which  is 
referred  to  frequently  as  resulting  in  the  highest  efficiency  yet 
Jittnined  with  the  steiim  engine,  is  designed  especially  to  attain 
the  theoretical  gain  due  to  a  high  initial  temperature,  a  temper- 
ature which  is  impracticable  with  the  onlinnry  engine.  The  steiitii 
is  heated  to  QGO  degrees  Fahr.,  and  an  engine  of  a  special  tyjw 
is  built  to  use  it. 

The  illustration  {Fig,  3rt2)  showaa  boiler  with  feed-water  lieater, 
economizer,  and  sujierheater  as  built  under  the  Schmidt  patents 
by  the  Ascherslebener  Maschinenbau  A.  G,  The  economizer  con- 
sists of  eight  tiers  containing  five  coils  each  of  spirally- wound 
2-inch  pipe.  Directly  above  are  eight  tiers  containing  four  coils 
each  of  2J-inch  pipe  constituting  the  superheater.  Placet!  on  a 
higher  level  is  the  feeti-water  heater,  which  is  a  simple  cylin- 
drical vessel  containing  a  coil  of  pipe.  The  feed  water  enters  tin; 
heater  at  the  bottom,  and  is  discharged  by  a  pipe  near  the  top 
into  the  boiler.  The  lower  end  of  the  heater  coil  is  connected 
with  the  lower  end  of  the  economizer  coil,  and  the  upper  ends  are 
also  connected  together,  and  to  the  steam  space  in  the  boiler. 

Steam  entering  the  heater  coil  is  condensed,  im[xirting  its  heat 
to  tlie  sun-ounding  water,  and  then,  flowing  to  the  economizer,  it 
is  re -evaporated  and  retui'ned  to  the  top  of  the  heater  coil  to 
repeat  the  cycle  indefinitely.  The  use  of  distilled  water  in  this 
manner  obviates  the  danger  of  the  economizer  becoming  filleil 
with  mud  or  scale,  anil  the  heater  is  of  such  n  form  as  to  be 
readily  accessible  and  easily  cleaneil,  A  fceil-watcr  temperature 
of  260  degrees,  equivalent  to  a  boiler  pressure  of  20  [wunds,  may 
be  attained  under  favorable  conditions. 

The  economizer  and  sui>erheater  are  arranged  with  a  view  to 
using  the  heat  of  the  gases  completely,  and,  by  a  combination  of 
a  parallel  and  a  counlercurrent  flow  of  the  steam  through  the 
superheater,  to  protect  it  from  destruction  by  the  hottest  gases. 
The  path  of  the  gases  of  combustion  is  downward,  first  through 
the  superheater,  and  then  through  the  economizer,  leaving  tfie 
latter  at  a  temperature  of  .350  degrees  to  400  degrees  Fahr.  To 
use  the  counlercurrent  principle  as  far  as  dosirable,  the  wet  steam 
enters  liie  lower  part  of  the  sujierheateti  coil  and  flows  upward 
through  four  tiers.  Should  the  countercurrcnt  principle  alone  be 
iipplied,  an  economical  use  of  the  gases  wrudd  be  assured,  hut  that 
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For  superheated  steam  the  specific  heat  at  constant  pressure  is 
about  .4805,  and  for  air  it  is  .2375. 

There  is  always  a  loss  by  radiation  in  the  steam  ])ipes  and 
passages,  as  well  as  a  loss  due  to  clearance,  and  to  tiie  heat 
absorption  by  the  cylinder  walls,  Avhich  are  exposed  periodically  to 
the  temperature  of  the  exhaust.  The  advantage  of  superheated 
steam  may  be  attributed  to  three  considerations :  at  higli  tempera- 
ture it  behaves  like  a  gas,  and  a  considerable  amount  of  heat  may 
be  abstracted  before  any  ix)rtion  will  liquefy ;  a  moderate  addition 
of  heat  produces  a  proportionately  large  increase  in  volume,  and 
diminishes  the  weiglit  of  steam  used  ])er  stroke  for  a  given  amount 
of  work;  it  has  a  greatly  reduced  thermal  conductivity  as  com- 
pared with  saturated  steam,  and  tlierefore  the  heat  absorbed  by 
the  cylinder  walls  becomes  a  fraction  only  of  what  it  would 
otherwise  be. 

To  gain  any  advantage  from  the  increase  of  volume  tlie  super- 
heating should  be  carried  to  the  highest  degree  practicable.  Ex- 
perience h«as  shown  that  tlie  steam  should  be  heated  125  to  175 
degrees  above  the  saturation  temjwrature,  in  order  to  prevent  con- 
densation before  t*ut-(jff.  Even  in  a  non-conducting  cylinder  it 
would  be  impossible,  with  a  high  initial  pressure,  to  preserve  the 
steam  in  a  superheated  condition  till  the  end  of  expansion.  With 
lower  i)ressures  an  initial  temperature  of  050  degrees  is  necessary 
in  order,  theoretically  even,  to  permit  of  superheat  in  the  ex- 
haust. In  the  engine  as  fictually  constructed  there  are  many  dis- 
turbing elements.  From  one-quarter  to  one-half  of  the  so-called 
dry  steam  entering  the  cylinder  is  condensed  during  admission,  and 
the  most  of  it  goes  out  of  the  exhaust  port  without  having  per- 
formed anv  work.  Under  the  best  conditions  an  initial  condensa- 
tion  of  at  least  twenty  per  cent,  is  to  be  expectal.  There  is  fre- 
quently, during  expansion,  a  partial  reevaporation  of  the  steam  con- 
densed during  admission,  and  tests  on  multiple-expansion  engines, 
driven  with  saturated  steam,  and  equipped  with  cylinder  jackets 
and  reheyting  receivei's,  have  sometimes  shown  the  steam  to  be 
slightly  superheiited  at  release  in  the  low-i)ressure  cylinder. 

Though  the  advantage  to  be  derived  from  superheated  steam 
was  appreciated  fifty  or  sixty  years  ago,  the  mechanical  difficulties 
encountered  stood  in  the  way  of  its  widespread  adoption  until 
within  the  past  five  or  ten  veal's.  The  danger  of  burning  out  the 
metallic  surfaces,  exposed  to  the  high  temperatures,  had  to  be 
met,  and  while  it  cannot  be  eliminated,  the  fact  that  there  are 
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thousands  of  such  installations,  both  large  and  small,  in  e very-day 
use  at  the  present  time,  is  good  evidence  that  it  has  been  minimized. 

The  use  of  high  fire-test  mineral  oils  for  cylinder  lubrication, 
and  of  metallic  or  asbestos  packing,  disposes  of  the  other  most 
serious  questions.  More  careful  and  more  plentiful  lubrication  is 
required  unquestionably  than  with  saturated  steam,  for  the  pres- 
ence of  condensed  steam  on  the  cylinder  walls  is  an  undoubted 
aid  to  their  proper  lubrication.  The  temperatures  are  not  as  high 
as  those  of  gas-engine  cylinders,  and,  in  fact,  unless  the  steam  is 
highly  superheated,  the  temperature  at  cut-off  is  probably  little 
above  that  of  saturated  steam. 

European  practice  in  this  matter  of  lubrication  is  very  different 
from  American.  Instead  of  a  lubricator  attached  to  the  steam 
pipe  above  the  throttle,  and  depending  upon  the  hydrostatic  pres- 
sure of  condensed  steam  to  force  the  oil  into  the  pipe,  a  little 
pump,  operated  by  a  ratchet  wheel  driven  from  some  reciprocat- 
ing part  of  the  valve  gear,  forces  the  oil  through  small  tubes 
directly  to  the  valves  or  other  parts  requiring  it. 

Experience  has  shown  that,  with  engines  of  ordinary  design 
using  superheated  steam,  a  temperature  at  the  throttle  of  475  de- 
grees Fahr.  should  not  be  exceeded.  How  far  the  superheating 
can  be  safely  carried  with  a  given  engine  can  be  determined  by 
experiment  only,  as  it  depends  largely  upon  the  construction.  It 
often  happens  that  a  much  lower  temperature  than  475  degrees  is 
found  advisable,  but  even  then  a  considerable  saving  may  be  made 
in  the  operating  expense.  If  the  temperature  becomes  much  higher, 
operation  may  become  impossible  on  account  of  the  difficulty  in 
lubricating  the  working  parts  properly,  or  the  expenditure  for  lubri- 
cants may  be  so  great  as  to  neutralize  any  advantage  derived  other- 
Avise.  The  lubrication  difliculty  prevents  the  use  of  unbalanced 
slide  valves  with  very  high  temperatures,  and  compels  the  applica- 
tion of  poppet  valves,  or  completely  balanced  piston  valves. 

As  an  example  of  the  effect  of  differing  degrees  of  sui)erheat, 
three  tests  on  a  twenty  horse-power  non-condensing  engine,  men- 
tioned by  Carl  Jacobi,  may  be  quoted.*  The  steam  pressure  was 
about  100  pounds. 

nv>«».v».»»..-»  «#  a*^^  Steam  Consamption  in  Poands 

Temperature  of  Steam.  ^^^  Horec  pliwer  Hoar. 

464  deg.  Fahr.   28 

636     ••         *     22.5 

662    "        "     17.5 

♦Paper  read  to  the  Sachsischen   Ingeniearverein  D.   Ing.   und  Sachsischen 
Electrotechn.  Qesellschaft. 
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The  «il>oV(^  comparison  is  rou«^Ii,  and  unduly  favorablo  to  the 
tests  run  witli  tlio  liit^lier  teni|vratui*e,  since  the  only  true  basis 
for  eoin{);irison  is  t lie  heat  consuni{>tion.  While  a  pro]x>rtionate 
difference  in  tlie  coal  consumption  wouKl  not  appear,  were  it  pos- 
sible to  ^ive  tlie  li»j:uivs,  the  fad  should  not  1h*  overlookeil  that  a 
material  rechiction  in  the  steam  consumption  means  a  corres|x>ml- 
in«r  cut  in  the  ivquinnl  Innler  capacity. 

Some  n4>ti(m  of  the  relative  ei*onomy  of  different  ty|>es  of  en- 
gines working  with  highly  superheateil  or  with  siiturateil  steam 
may  be  gained  fii>m  the  following  table,  given  by  llerr  Jacobi, 
in  which  the  n»s|HH'tive  thermal  efficiencies  are  expressed: 

KMiINK**  WOKKIN*;   WITH 
S\Trii\T>:ii  Stkw.  Hiiiiirv  Sri'KiiiiKATio  Stkam. 

~                             Unr-i'        Tlii>nniii  Tviw  Horw       Thermal 

*•'•*                      |M.\\«:.     RfflciriMx  •'  p.miT.      Efficiency. 

|.  « .  p.  c. 

Siniplt'  non-oi>n(l<*iis-  Simple  noii-mntlons- 

inp ::0          «.7           iiip ;«)            12.5 

Simple  comliMisin^..  40  V.'J       SiinpUMN»iuU'iiMn^. .      40  15.5 

('oiii|>f)uml  i^indnis.  roinfMtuiit}  i^'Mxli'ns- 

iiit: i:ii»         V.\.;\  inp 90  21.0 

Tripl*'    i-x.   t'ouiiin-  ('iiii)]hiiiiu1  romliMis- 

iiiir ion         Hi. 5  in:; 2."iO  23.0 

Coinpar.iiivi*  hsis  i»j  (hMcrmiiu*  tin*  rclalive  economy  of  sat- 
urated aiul  superheated  st«'am  liave  i>een  run  on  many  different 
ty|H's  and  sizes  of  engines,  with  varying  dt»grees  of  su|>erheat^ 
durinir  the  past  few  vt^ais,  hv  vari«>ns  well-known  enmueeis.  To 
refer  t«»  i^veii  a  small  )H»rc(»niairc  would  take  i4>o  much  lime,  and 
Would  s»)on  become  nionoion<»us.  A  net  train  in  cconomv  of  ten 
lt>  lifteen  per  cent,  is  a  common  resiih,  whilt*  a  saving  of  twenty, 
twentv-live,  an«l  ev<»n  thirtv  percent,  is  hv  no  means  uncommon. 
Of  cour.se  tiie  larirest  saviuiT  is  niadt*  with  the  more  wasteful 
types  of  euirines. 

The  most  e('«»noinii*al  results  thus  far  »»htained  have  hetMi  se- 
cured with  ct>nipomid  ent»in«s  using  snperiiealed  steam.  The  use 
of  triple-expansi<»n  machines  is  lii.uigiii  l>y  many  ih^signei's  tt)  bo 
inadvisable,  beeanstMif  increast^l  initial  exjxMist*,  increa.stnl  friction, 
increased  oil  consumption,  care  and  complication,  and  inadapta- 
tion  to  lluctuatiniT  loail.s,  to  sav  nothinir  of  iack(»ts,  reheatei's,  ami 
sjKice  rix]uinMnents. 

A  triple-<'X|Kinsit>n  4'ngine  insialletl  at  the  factory  of  Kd, 
Vaucher  et  Cie.,  of  Miilhausen,  was  so  arrangtnl  thai  it  could  Ih» 
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operated  as  a  triple,  with  superheated  steam  in  the  high-pressuro 
cylinder,  or  as  a  compound  engine  with  a  reheating  receiver,  and 
using  superheate^l  steam,  therefore,  in  both  cylinders.*  When 
operated  as  a  compound  machine  there  was  a  gain  of  10.5  per 
cent,  over  the  steam  consumption,  and  6  per  cent,  over  the  coal 
consumption,  of  the  engine  when  operated  as  a  triple,  and  a  re- 
duction in  the  indicated  work  from  746.5  horse-power  to  727.2 
horse-power,  although  the  load  carried  under  both  conditions  was 
kept  the  same. 

Tests  conducted  by  R.  Doerfel  on  a  vertical  triple-expansion 
mill  engine,  in  Zwodau,  were  reported  in  the  Zeitschrift  des 
Vereinea  deutscher  Ingenieure^  December  16,  1899.  The  cylin- 
der sizes  are  approximately  23^  inches,  37i  inches,  and  53  inches 
diameter,  by  35^  inch  stroke ;  the  speed,  85^  revolutions  per  min- 
ute. The  high-pressure  cylinder  has  poppet  valves,  the  intermedi- 
ate and  low,  four  rolling  valves  each,  of  the  Corliss  type,  operated 
by  wrist  plates,  but  without  any  releasing  gear.  The  high-pres- 
sure cylinder  has  a  jacket  which  is  traversed  by  the  exhaust, 
and  really  constitutes  the  fii*st  receiver.  This  arrangement  is 
thought  to  have  no  ill  effect  on  the  performance  in  the  high- 
pressure  cylinder,  and  to  minimize  the  loss  by  external  radiation. 
The  intermediate  and  low-pressure  cylinders  are  not  jacketed, 
nor  are  special  receivers  provided. 

Four  tests  were  made,  of  four  houre  each,  in  April,  1898,  with 
steam  of  139  pounds  boiler  pressure,  and  superheated  from  136 
degrees  to  153  degrees,  corresponding  to  a  temperature  at  the 
throttle  of  about  500  degrees  Fahr.  The  steam  consumption  was 
between  10^  and  11  pounds  per  horse-]X)wer  per  hour,  and  the 
heat  consumption  13,572  to  13,866  British  thermal  units.  The 
indicated  rate  of  work  ranged  from  613  to  802  horse-power.  After 
analyzing  the  results,  the  inference  is  drawn  that  with  three-cylin- 
der machines  the  influence  of  the  high  temperature  is  hmited  too 
closely  to  the  high-pressure  cylinder.  The  intermediate  cylinder 
derives  some  slight  benefit,  and  the  low-pressure  cylinder  little  or 
none. 

It  is  common  practice  to  omit  the  jacket  from  the  high-press- 
ure cylinder,  but  to  retain  it  on  the  low,  though  some  builders 
prefer  to  use  a  reheating  receiver,  and  no  steam  jacket  on  either 
cylinder.     Since  the  mission  of  the  jacket  is  to  reduce  the  initial 

*  Paper  read  by  A.  Rieder  to  the  Aacbener  Bezirks-Verein  deutscber  Inge- 
nieure. 
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conilensation,  it  would  seem  useless  to  introduce  it«  with  the  extra 
complication  and  expense  entailed,  if  the  s;ime  result  can  as  well 
be  attained  in  another  wav. 

In  this  connection  a  series  of  ten  exjH^rimentS  reported  by 
Doerfel*  are  of  interest.  They  were  comlucteil  on  a  simple  IS- 
inch  X  3r>-incli  Corliss  engine,  running  7-lr  revolutions  per  minute, 
at  a  machine-shop  in  Karolinenthal,  and  developing  from  30  to  50 
hoi'se-power.  The  engine  ran  condensing,  with  steam  pressures 
ranging,  on  the  diflfeivnt  tests,  fi-om  7  to  17  |K>unds.  The  steam 
was  heated  -15  degrees  to  255  degrees  Fahr.  above  the  saturation 
temperature,  ami  the  steam  consumption  diminished  from  30.3 
]>ounds  per  hoi'se-powor  hour,  with  the  lower  temi>erature  and 
pressure,  to  "20  pounds  at  the  higher  temperature  and  pressure. 
Expressed  in  terms  of  the  heat  consumption,  the  saving  is,  of 
coui'se,  not  so  markcnl,  though  upwaiils  of  28  j>er  cent.  The  heat 
consumption  diminished  from  o5,l(>0  ]>ritish  thermal  units  per 
hoi'se-power  hour,  to  25,34u  Ih'itish  thermal  units. 

Steam  was  used  in  the  jackets  during  live  of  the  tests,  but  so 
far  as  any  visible  t»irt*<.*t  is  to  be  seen  in  the  results,  the  jacket 
roiiUl  Im'  dispoiistsl  with.  As  tlu»  temperature  of  superheat  in- 
creasoil,  ilu'  hrai  coiisumpiiou  oftlu'  jacket  diminishetl,  being  1.5 
jxM'  (viit.  of  till'  total  ill  tlu*  iirst  test,  ami  .5  per  cent,  in  the  hist. 

rhulginir  U'xnn  the  results,  a  large  saving  can  be  effectetl  in 
many  old  plants  using  compound  engines,  by  su]>erheating  the 
receiver  steam.  (»ven  though  it  may  not  be  possible  to  properly 
lubricate  Corliss  valves  wImmi  using  su)H>rlieaied  steam  under  high 
pressure.  The  su|)erheating  could  host  be  elfecteil  with  liighly 
superheated  steam  introduced  into  the  heating  coils  of  the  re- 
ceiver, and  passing  thence  to  the  throttle  valve. 

Engines  using  this  principle  have  been  built  in  ]>ohemia.  A 
compound  engine,  2i>  inches  and  4s  inches  by  52  inches,  installed 
in  a  cotton  factorv  in  Schlan,  in  lsi»S,  was  tested  in  Julv  of  that 
year,  and  in  the  following  January. f  Tlit*  enirim*  is  underloaded, 
cutting  oil'  at  om»-tenth  st]'(»kt\  runs  74  revolutions  per  minute, 
and  develo])s  5oo  to  575  liorse-))ower  with  steam  of  one  hundi^ed 
jK)unds  boiler  ju'essure.  The  high-]>r(»ssure  cylinder  is  jacketeil, 
and  the  steam,  heated  to  a  temperature  of  55o  degrees  Fahr.,  or 
theiH3abouts,  passes  through  the  heating  coils  of  the  receiver,  and 
the  liigh-pressure  jacket,  before  n^aching  the  steam  chest.     A  test 

*  Zfitfir/trift  ffrs  VrrriftfA  (irufHr/ttr  lugenietire,  r)<H.*oml)or  9,  1809. 
f  Doerfol,  Zritt.  d.  Vcr.  (JtutncJur  lug..  Decern Ikt  9,  1899. 
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showed  that  the  receiver  steam,  at  two  pounds  pressure,  was 
superheated  by  this  arrangement  110  degrees,  and  the  steam  ac- 
counted for  at  cut-oflf  by  the  low-pressure  indicator  card  was 
11.51  pounds,  while  the  actual  consumption  of  the  engine  was 
11.84  pounds  per  horse-power  per  hour.  In  other  words,  the 
device  neutralized  almost  completely  the  initial  condensation  in 
the  low-pressure  cylinder.  The  steam  temperatures  were,  at  the 
boiler,  594  degrees  Fahr.;  before  the  receiver  heating  coils,  540 
degrees,  and  at  the  throttle,  405  degrees. 

In  the  case  of  large  engines,  where  the  area  of  the  cylinder 
walls,  or  the  cooling  surface,  is  small  as  compared  with  the  vol- 
ume of  steam  admitted,  the  walls  might  become  so  hot  during  a 
period  of  heavy  load  and  late  cut  off  as  to  render  lubrication  diffi- 
cult. Accordingly,  some  engines  have  been  built  with  a  special 
valve  under  the  control  of  the  regulator,  which,  during  periods  of 
overload,  admits  steam  from  the  main  pipe  to  the  heating  coils  of 
the  receiver,  and  thus  cools  the  steam  before  it  reaches  the  throt- 
tle. An  engine  installed  in  Amsterdam,  and  tested  by  Professor 
Ewing,  has  the  valve  so  arranged  that  it  opens  when  the  receiver 
pressure  rises,  that  fact  implying  that  a  smaller  part  of  the  whole 
expansion  is  taking  place  in  the  high-pressure  cylinder,  that  there 
is  less  need  of  superheat  there,  and  that  it  is  advantageous  to 
transfer  the  excess  to  the  low-pressure  cylinder.  For  simple  en- 
gines, saturated  steam  may  be  drawn  directly  from  the  boiler  to 
mix  with  the  superheated  steam.  In  the  extreme  position  of  the 
regulator,  equal  quantities  of  saturated  steam  and  of  superheated 
steam  are  admitted,  in  the  attempt  to  keep  the  packing  rings 
always  in  a  zone  of  saturated  or  of  slightly  superheated  steam. 

If  superheated  steam  be  used  in  an  old  pipe  line,  designed  for 
saturated  steam,  there  will  be  found  a  diminished  difference  in 
pressure  between  the  two  ends  of  the  main,  because  a  gas  of  mucli 
less  density  is  handled,  without  entrained  moisture  and  with  less 
friction.  With  a  speed  of  one  hundred  feet  per  second  the  loss  in 
pressure  will  be  no  more  than  with  a  speed  of  sixty  feet  for  wet 
steam.  The  larger  the  pipe,  the  greater  the  loss  by  radiation  ; 
the  smaller  the  pipe,  the  greater  the  loss  by  throttling.  The  loss 
by  radiation  may  be  1  degree  Fahr.  for  2  feet  of  pipe,  but  with 
good  thick  covering,  a  very  high  steam  speed,  and  a  correspond- 
ingly small  radiating  surface,  the  loss  has  been  reduced  to  1  de- 
gree for  6  linear  feet  of  piping. 

Either  metallic  or  asbestos  packing  should  be  used  for  making 
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iIkm'oiI.  from  ovrr}H^•ltin^^  by  nu-ans  of  dampers,  is  quite  inter- 
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Almo.l  .'iny  Kind  of  siip^Mlirater  ean  be  lired  inde])endentlv  or 
can  b«' Jirr;in;j;<'d  in  conneelion  with  the  boihjr  Hues,  so  as  to  dis- 
pi*nM'.  with  thr  srpanite  furnace.  The  hitter  arrangement  is 
UHually  pn'fi^rred,  as  it  is  found  to  be  more  economical,  and  the 
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several  hours,  the  fire  left  to  burn  slowly  as  in  an  ordinary  stove, 
and  a  more  even  temperature  maintained.  The  space  required  is 
small,  and  repairs  can  easily  be  made  if  a  suitable  by-pass  is  pro- 
vided, without  in  any  way  hindering  the  operation  of  the  rest  of 
the  plant. 

If  the  coils  are  placed  directly  in  the  boiler  flues,  without 
damperstby  means  of  which  they  may  be  protected  from  the  hot 
gases,  while  the  boiler  is  being  warmed  before  steam  is  gener- 
ated, provision  is  generally  made  for  flooding  them  with  ^vater. 
With  bad  feed  water  this  introduces  the  difficulty  with  hvud  or 
scale  which  must  be  guarded  against,  or  a  careless  manipulation 
of  the  valves  may  cause  a  dangerous  water  hammer.  It  is,  there- 
fore, better  practice  to  dispose  the  superheater  so  that  it  can  be 
protected  at  such  times  by  dampers,  and  be  subjected  to  the 
action  internally  of  steam  alone. 

Cast-iron  superheaters  have  the  advantage  that  they  can  stand, 
without  injury,  any  temperature  to  which  they  are  likely  to  be 
exposed,  when  properly  placed.  They  are  so  much  heavier  and 
thicker  than  wrought  iron,  besides  being  ribbed  after  the  fashion 
of  a  gas-engine  cylinder,  that  they  require  a  higher  heat  for  the 
same  useful  effect,  but,  at  the  same  time,  serve  as  reservoirs  of 
heat,  and  tend  to  equalize  the  temperature  of  the  steam  in  spite 
of  wide  variations  in  the  furnace  temperature.  They  must  be 
accessible  so  that  the  soot  can  easily  be  blown  from  the  ribbed 
surfaces.  The  use  of  cast-iron  for  such  a  purpose  introduces  a 
certain  element  of  danger,  though  perhaps  inconsiderable,  on  ac- 
count of  the  porosity  of  castings  in  general,  and  the  particular 
likelihood  of  spongy  places  occurring  in  ribbed  castings. 

If  the  superheater  were  placed  in  the  chimney,  or  in  the  main 
flue  leading  to  it,  too  high  a  temperature  of  the  flue  gases  would 
be  required  for  an  economical  utilization  of  the  heat.  If  the  gases 
went  off  at  a  moderate  temperature,  350  degrees  to  500  degrees, 
the  temperature  of  superheating  attained  would  be  so  low  as  to 
be  of  little  value.  If  placed  too  near  the  fire,  the  superheating 
coils  could  not  withstand  the  heat.  Hence  an  intermediate  posi- 
tion must  be  chosen,  where  the  gases  have  lost  some  of  their  heat, 
but  may  yet  give  up  more  to  the  water-heating  surface. 

The  requirements  for  a  successful  superheater  are : 

First,  security  in  operation,  or  a  minimum  danger  of  over- 
heating. 

Second,  economical  use  of  heat  applied. 
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Tliinl,  no  exposure  of  joints  to  the  fire. 

Fourth,  provision  for  free  expansion. 

P^iftli,  disposition  such  that  it  may  be  cut  out,  or  repaired*  with- 
out interfering  with  the  operation  of  the  plant. 

Sixth,  ease  of  appliaition  to  existing  plants. 

Tlie  tube  elements  may  be  arranged  either  in  series  or  in  paral- 
lel. In  parallel,  a  small  quantity  of  steam  piisses  through  each 
small  tube,  as  in  the  Gehre  ty|K?.  The  relatively  large  heating 
surface,  and  small  area  of  cross  section,  eombineil  with  the  low 
heat  conductivity  of  the  steam,  makes  tl)is  arnimrement  seem 
well  conceiveil.  In  series,  as  in  tlie  SchwiKMvr,  tlie  cross  section 
of  the  heating  coil  must  l>e  hirger.  and  tlie  steam  s|)eed  higher. 
The  hiffli  velocitv  of  flow  would  seem  to  be  effective,  as  it  en- 
hances  the  wliirlin*'  or  eildvin*'  effect  at  turns  or  bends,  causes  a 
better  mixture  of  the  current,  and  gives  a  better  chance  for  the 
whole  boilv  to  come  in  contact  with  the  healing  surface.  As  vet 
it  is  impossible  to  decide  which  methoil  is  Ijest,  but  it  is  conceded 
that  if  the  volume  is  very  large,  and  the  sujierheating  surface 
small,  only  the  exterior  jwrtion  of  the  current  will  be  acte^l  uix>n. 
Steam  speeds  through  the  coils  are  taken  all  the  way  from  sixty 
feet  to  one  hundi^  and  sixty  feet  per  second. 

It  is  an  interesting  fact  that  neither  cast  iron  nor  steel  lose  in 
tensile  strength  when  subjecteil  to  the  temixjrature  of  su|)erheated 
steam,  but,  on  the  contrary,  may  be  stronger.  Tests  made  at  the 
Watertown  arsenal,  and  summarize<l  by  Professor  I^nz;i,  showed 
that  the  tensile  strength  of  steel  diminishes  as  the  lemj>erature 
increases  from  0  degree  Fahr.,  until  a  minimum  is  reacheil  be- 
tween 200  and  300  degrees,  mild  steel  reaching  the  place  of  mini- 
mum strength  at  lower  temperatures  than  higher  carbon  steels. 
From  this  jx>int  they  display  greater  tenacity,  increasing  some- 
times as  much  as  twenty-five  per  cent.,  as  the  tem|)cnaui*e  in- 
creases, until  a  maximum  is  attained  somewhere  l>etwt»en  4<m.»  and 
650  degrees.  While  high-carbon  steels  n^acli  the  ttMiiperature  of 
maximum  strength  abru)»tly,  and  retain  it  over  a  limited  ran^e  of 
temperature,  mild  steels,  such  as  would  lx»  use<l  for  su))erheater 
tulxis,  retain  the  incre^ised  tenacity  over  a  wider  range. 

Cast  iron  appeared  to  maintain  its  strength  with  a  tendency  to 
increase  until  900  degrees  Fahr.  was  reached,  beyond  which  the 
strength  diminishe<l.  A  few  tests  recently  rojK>rted  by  Jiach 
showe<I  a  practically  constant  strength  up  to  570  degrec^s,  and 
thereafter  a  steady  drop.     At  loO  degrees  there  was  a  loss  of 
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eight  per  cent,  of  the  tensile  strength  at  ordinary  tempera- 
tures. 

The  Schmidt  system  of  utilizing  superheated  steam,  which  is 
referred  to  frequently  as  resulting  in  the  highest  efficiency  yet 
attained  with  the  steam  engine,  is  designed  especially  to  attain 
the  theoretical  gain  due  to  a  high  initial  temperature,  a  temper- 
ature which  is  impracticable  with  the  ordinary  engine.  The  steam 
is  heated  to  660  degrees  Fahr.,  and  an  engine  of  a  special  type 
is  built  to  use  it. 

The  illustration  (Fig.  362)  shows  a  boiler  with  feed- water  heater, 
economizer,  and  superheater  as  built  under  the  SchmijJt  patents 
by  the  Ascherslebener  Maschinenbau  A.  G.  The  economizer  con- 
sists of  eight  tiers  containing  five  coils  each  of  spirally-wound 
2-inch  pipe.  Directly  above  are  eight  tiers  containing  four  coils 
each  of  2|-inch  pipe  constituting  the  superheater.  Placed  on  a 
higher  level  is  the  feed-water  heater,  which  is  a  simple  cylin- 
drical vessel  containing  a  coil  of  pipe.  The  feed  water  enters  the 
heater  at  the  bottom,  and  is  discharged  by  a  pipe  near  the  top 
into  the  boiler.  The  lower  end  of  the  heater  coil  is  connected 
with  the  lower  end  of  the  economizer  coil,  and  the  upper  ends  are 
also  connected  together,  and  to  the  steam  space  in  the  boiler. 

Steam  entering  the  heater  coil  is  condensed,  imparting  its  heat 
to  the  surrounding  water,  and  then,  flowing  to  the  economizer,  it 
is  re-evaporated  and  returned  to  the  top  of  the  heater  coil  to 
repeat  the  cycle  indefinitely.  The  use  of  distilled  water  in  this 
manner  obviates  the  danger  of  the  economizer  becoming  filled 
with  mud  or  scale,  and  the  heater  is  of  such  a  form  as  to  be 
readily  accessible  and  easily  cleaneil.  A  feed-water  temperature 
of  260  degrees,  equivalent  to  a  boiler  pressuie  of  20  pounds,  may 
be  attained  under  favorable  conditions. 

The  economizer  and  superheater  are  arranged  with  a  view  to 
using  the  heat  of  the  gases  completely,  and,  by  a  c<Mnbination  of 
a  parallel  and  a  countercurrent  flow  of  the  steam  through  the 
superheater,  to  protect  it  from  destruction  by  the  hottest  gases. 
The  path  of  the  gases  of  combustion  is  downward,  first  through 
the  superheater,  and  then  through  the  economizer,  leaving  the 
latter  at  a  temperature  of  350  degrees  to  400  degrees  Fahr.  To 
use  the  countercurrent  principle  as  far  as  desirable,  the  wet  steam 
enters  the  lower  part  of  the  superheated  coil  and  flows  upward 
through  four  tiers.  Should  the  countercurrent  principle  alone  be 
applied,  an  economical  use  of  the  gases  would  be  assured,  but  that 
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part  of  the  superheater  which  was  in  contact  alike  with  the 
hottest  gases  and  the  hottest  steam  would  deteriorate  rapidly. 
Accordingly,  the  steam  is  led  from  the  fourth  tier  to  the  eighth,  or 
upper  tier,  and  passing  down  (jarallel  to  the  How  of  the  gjises  is 
withdrawn  from  the  fifth  tier.  The  steam,  dried  in  the  lower 
coils,  is  supposed  to  reach  the  upper  tier  in  this  condition  and  be- 
come superheated  by  the  hottest  gases,  which  are  just  entering  the 
apjxiratus.  The  degree  of  superheat  can  be  controlled  by  dampers 
regulating  the  Sow  of  the  gases  of  combustion,  that  portion  not 
passing  through  the  coils  being  applied  to  the  boiler  heating  surface. 

The  Schmidt  Tandem- 1 [eissdampfmaschine,  as  built  at  Asehers- 
leben,  is  shown  in  Fig.  3(J3,  The  engine  is  nominally  single-acting 
with  the  high-pressure  cylinder  behind.  The  high-pressure  and 
]ow-]>ressure  |)istons  are  cast  in  one  piece,  which  is  hollow.  The 
space  at  the  rear  of  the  large  piston,  encircling  the  small  trunk 
piston,  constitutes  the  low-pressure  cylinder,  while  the  jacket  on 
the  large  cylinder  and  the  space  in  front  of  the  piston,  together 
with  the  piston's  hollow  interior,  form  a  receiver  with  a  varying 
volume.  During  the  inward  stroke  the  steam  in  this  receiver 
expands  and  does  some  work,  so  that  the  engine  in  i-eality  is 
double-ivcting.  Poppet  valves  are  used.  This  construction  re- 
quires a  single  stuffing-box,  which  is  exposed  to  low-pressure 
steam  only,  and  the  hollow  piston  forming  part  of  the  reoeiver  is 
kept  comparatively  cool,  while  any  heat  transferred  is  not  lost 
but  taken  up  by  the  low-pressure  steam. 

Simple  engines  built  after  the  Schmidt  design  are  single  acting, 
and  therefore  have  no  stuffing-box.  The  trunk  pistons  are  mudo 
very  long,  and  the  packing  rings  placed  well  forward,  so  that  for 
much  of  the  stroke  they  are  in  contact  with  a  portion  of  the 
cylinder  which  is  exposed  to  the  atmosphere  during  part  of  eacli 
revolution.  They  never  reach  that  part  of  the  cylinder  which  in 
exposed  to  the  highest  steam  temperature.  Cross  compound 
engines,  to  use  steam  at  such  high  temperatures,  are  built  with 
single-acting,  I ligli- pressure  cylinder,  and  are  made  double  acting 
on  the  low-pressure  side,  since  all  of  the  superheat  disapjiears  in 
the  first  cylinder. 

Engines  and  superheaters  are  built  under  the  Schmidt  patents 
by  several  concerns,  and,  of  course,  there  is  considerable  variation 
in  the  design.  TJuianced  piston  valves  are  used  instead  of  poppet 
valves,  and  vertical  boilers  with  a  provision  for  controlling  tlie 
degree  of  .'^ujiorhcat  by  admitting  to  the  superheater  coil  con- 
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icd  steam  from  tliecoil  in  the  feed-water  lieater.  These  boilers 
i  very  low  ratios  of  water-heating  surface  to  grate  surface, 

in  some  cases  the  evaporation  is  as  high  as  10  pounds  (if 
?r  per  square  foot  of  heating  surface  |5er  hour.  Very  Wet 
in  is  wanted  to  protect  the  superheater. 

few  rp.sults  from  numerous  tests  on  Schmidt  engines  have  been 
ilated,*  and  are  here  presented  (Table  I.)  in  English  units. 
t  of  the  tests  were  made  on  small  engines,  but  Schmidt  engines 
in  Use  which  are  developing  1,000  horse-power  and  more. 
Dme  results  of  tests  on  a  3,000  borse-power,  fonr-cylinder, 
ical,  triple-expansion  Sulzer  engine,  using  steam  from  Schmidt 
^pendently  flretl  superheaters,  are  also  summarized  here  for 
■'enient  referencc.t 
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111!  iirrangement  of  the  coils  in  the  Hering  superheater  is  shown 
■'i(,^  :j(i4.  The  tubes  are  small  in  diameter  and  long,  and  are 
le  of  Swedish  iron  without  welds.  Ordinarily  steam  tem- 
itures  of  450  degrees  to  550  degrees  are  attained,  though 
peratiires  as  high  as  SOO  degrees  can  be  used.  Figs.  365  and 
show  tiie  superheater  as  applieil  to  an  elephant  boiler.  The 
gases  leaving  the  grate  heat  the  lower  side  of  the  raiid  drums, 

I  ]tass  up  around  the  boiler  shell  near  the  rear  end  into  the 
jHieater,  thence  down  around  the  front  portion  of  the  boiler 
I,  and  return  back  through  the  ^re  tubes  to  the  chimney.  The 
wingshowsan  arrangement  of  dampers  by  means  of  which  the 
:  of  gases  can  be  controlled  completely,  or  shut  off  altogether 

II  tlie  superheater,  in  which  case  the}'  will  be  applieil  as 
loinically  to  the  water-heating  surface  as  though  no  supcr- 
ter  wt'rL'  prea-nt. 


).  Her 
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Ill  Kcw-Oberlmiiscn.  Thin  wrought-iron  tubes  are  used.  Tbe 
)(x;ation  of  tlie  UitHo  plates  \s  ckvarly  shown,  ami  indicates  that  the 
gases  make  foiii-  [lasses  over  tlie  water  tubes.  Steam  from  tha 
drum  alxtve  Hows  down  through  the  pipe  at  the  side,  and  a  portion 
is  drawn  thn>it<^h  the  six  r-sha|K!(l  tulws  which  the  gases  encounter 
afti'r  tlieir  lii-st  jmss  through  the  water  tubes.  Another  portion  of 
the  steam  goes  tlirough  the  bank  of  five  tubes  beyond.  Tbeen- 
ti'aincd  water  and  tlic  remainder  of  tlie  steam  circulate  throagb 
the  last  bank  of  twelve  tubes,  where  more  heating  surface  is  given 


than  in  the  preceding  groups,  because  this  scries  of  tubes  is  exposed 
to  cooler  gases.  The  superheated  steam  is  withdrawn  from  the 
three  groups  as  shown  by  the  \npo.  dotted  in  the  side  elevation. 
In  this  case  the  su-am  divides  into  tliree  imrtions.  each  of  which 
traverse.-!  thi-ougliout  its  whole  length  a  gmup  of  pipes  forming 
one  station  of  the  siiiierliealer. 

Th»!  (rehre  super) i eater,  as  adapteil  to  a  water-tube  boiler,  is 
Nliown  in  Fig.  870.  The  boiler  in  (piestion  is  bnilt  by  the  Bather 
UohninkL'sseirabrik,  and  has  its  water  lags  made  of  sheet  steel 
stayed  witli  channel  irons  rivet  til  between  each  tier  of  water  tubes. 
Tlirnngli  oacli  cliannel  pruject,  above  and  below,  a  series  of  nipples, 
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the  whole  being  contrived  so  as  to  form  at  tlie  end  of  each  row  of 
tubes  a  sniati  water  chamber,  with  a  steam  pocket  above.  The 
nipples  make  free  communication  between  these  steam  pockets,  so 
that  steam  generated  in  any  tii^r  of  tubes  can  easily  i-each  the 
steam  drum  above  without  meeting  any  obstructioD. 


A  row  of  water  tubes  is  omitted,  and  sleeves,  carrieil  through 
the  water  legs,  allow  three  or  four  small  suj>erheating  tubes  to 
pass  through  each  sleeve  into  headers  outside,  thus  miaoving  all 
joints  from  the  lire.  AVet  Bteiiin  enters  the  front  header,  and 
superheated  steam  is  withdrawn  from  the  rear.     If  a  high  degr<?e 
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lit  Ke\v-( )berli!uiscn.  Thin  wrouglitiron  tubes  are  used.  The 
l<x.-ation  of  tliK  biitlle  plutos  is  clearh-  shown,  and  indicates  tbat  tbe 
ga^os  make  foiii"  [wisscs  over  the  water  tubes.  Steam  from  the 
<h-iiniai)OVu  flows  down  through  the  ]>i|)e  at  the  8itle,aml  a  portion 
isdmwn  thn^ngh  the  six  T-sha|»d  tuljes  which  the  gases  encounter 
at'tfi"  tlirir  lirst  jiass  through  the  water  tubes.  Another  portion  of 
the  steam  gfws  thnmgli  the  bank  of  five  tubes  beyond.  Theen- 
trahiod  water  and  the  remainder  of  the  steam  circulate  through 
the  last  bank  of  twelve  tabes,  where  more  heating  surface  is  given 


tljan  in  tlinprcceiiini^gron|is,  b(H.-an:<c  tliis  iSeries  of  tubes  is  exposed 
to  cooler  gases.  The  sniierheatetl  steam  is  withdrawn  from  the 
llircc  groups  as  shown  by  the  |>i[H>  dotted  in  the  side  elevation. 
In  this  ease  the  steam  liivides  into  thnn!  portions,  each  of  which 
traverses  ihivinghont  its  wlmle  h'Mgth  a  group  of  pipes  forming 
one  section  of  tlie  siHR'i'healer. 

Thr  (iihrp  superiieater,  as  adapted  to  a  water-tube  Ixnler,  is 
shown  ill  Fig.  3T<'.  The  Imilcr  in  «|iiestion  i.^  built  by  the  Bather 
Iiiilirenkcss<.'lfal)rik,  and  has  lis  water  legs  made  of  slieet  steel 
stayed  with  eliarinel  irons  riveted  between  each  tier  of  water  tube& 
Throuirh  eaeli  eiiannej  piojeet,  abovt;  and  Ih>1ow.  a  series  of  nipples, 


"ex- 
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entering  the  high-pressure  cylinder,  and  again,  before  entering 
the  low,  as  much  as  is  necessary  to  prevent  condensation  during 
admission. 

The  cuts,  Figs."  36S  and  369,  show  a  water-tube  boiler  with 
superheater,  as  built  by  Walther  &  Co.  for  the  Gutehoffnungshiitte 
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of  uiperiieat  is  desirei],  two  tiers  of  snperbeatiag  taba  arftpai^ 
so  that  the  steam  makes  a  double  poo. 

With  the  ordinary  horizontal  tire-tabe  boiler,  a  aerinof  avb. 
is  placed  in  the  combustion  chamber  at  the  rear,  wo  that  the  giBi 
pass  over  them  Ijefore  entering  the  flues  nrhich  lead  to  the  aptaka. 
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In  either  typo  provision  is  madu  for  flooding  the  superheater  with 
water.  Temperatures  of  ISO  degrees  to  270  degrees  abOTe  the 
Eiatumtion  temperatures  are  usually  attaine«l. 

The  Gehre  sui>erlteuter  formerly  was  a  cylindrical  shell  filled 
with  lire  tnlics,  like  a  miniaiiire  cylindrical  boiler  with<iat  anj 
steam  space.     It  could  not  l>e  exposed  to  very  high  terapenitlire% 
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and  was  in  fact  a  good  steam  dryer  if  tlie  flue  temperatures  were 
fairly  high. 

The  Steinmiiller  superheater  is  made  up  of  a  series  of  tJ-tubes, 
Ij'j  inches  internal  diameter,  which  terminate  in  a  two-compart- 
ment header  placed  at  the  back  of  the  boiler,  between  the  steam 


oooc 
ooo 

OOOCf 

ooo 
oooc 


drum  and  tht^  water  tubes  (Fig.  371).  The  gases  reach  the  super- 
heater after  making  ii  single  pass  through  the  water  tubes.  Brick 
arches  and  dampere  are  so  placed  that  the  superheating  tubes  can 
be  isolated  from  the  flue  gases  if  necessary. 

In  the  header  tiiero  are  openings  provided  with  suitable  screw 
plugs  (Fig.  372)  in  the  outer  wall  opposite  the  tut>o  ends.  The 
plugs  for  that  compartment  which  the  wet  steam  enters  are  pro- 
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of  saperfaeat  is  desired,  two  tiers  of  BuperheatJng  tabes  are  pot  n, 
eo  that  the  steam  makes  a  donble  pass. 

With  the  ordinary  horizontal  fire-tabe  boiler,  a  sertw  of  oiA 
is  placed  in  the  combustion  chnniber  at  tlie  rear,  bo  that  the  gMCl 
pass  over  them  l>efore  entering  the  flues  which  lead  to  the  aptaks. 
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In  either  ty|>e  provision  is  made  for  flooding  the  superheater  with 
water.  Temperatures  of  IfOdcf^rees  to  270  degrees  above  the 
saturation  temperatures  are  usually  attainc<l. 

The  Gehrc  su[)erlic!itcr  foimerly  was  a  cylindrical  shell  fil^ 
with  lire  tnl>es,  like  a  miniature  cylindrical  boiler  Avithoat  uy 
steam  space.     It  coul<l  not  l>e  exposed  to  very  high  tampeimtarai^ 
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and  was  in  fact  a.  good  steam  diver  if  the  flue  temperatures  were 
fairly  high. 

The  Steinraililer  superheater  is  made  up  of  a  series  of  tl-tubea, 
1-^g  inches  internal  diameter,  which  terminate  in  a  tw*o-compart- 
ment  header  placed  at  the  back  of  the  boiler,  between  the  Bteam 


drum  and  the  water  tubes  (Fig.  371).  The  gases  reach  the  super- 
heater after  making  a  single  pass  through  the  water  tubes.  Brick 
arches  and  dampers  are  so  placed  that  the  superheating  tubes  can 
be  isolated  from  the  flue  gases  if  necessary. 

In  the  header  there  are  openings  provided  with  suitable  screw 
plugs  (Fig.  372)  in  the  outer  wall  opposite  the  tube  ends.  The 
plugs  for  that  compartment  which  the  wet  steam  enters  are  pro- 
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v..i>:il  -.v;:ii  s:«:rn-<  'if^ixf.m:  liicle  ilisks  irhich  serve  to  choke  tbe  n- 
•r:ir,C'.-  t"  :i.';  ,i'i:ieri:^a::r,e  tutje*.  retard  the  flow,  prereot  short 
c  r-u.iinw'  iin-l  ;ni;r><ii!t'  li.e  heat  absorption  of  a  giren  weight  ct 
ftVr.iMi  ■■.■;:;,.,:i;  :ri''r.;as:n;r  ti.e  iieatin**  surface  minecesBarilr.  Tbe 
•i.y::.f»r:f';  riA  •/.  tii--  L'-tur*  is  lefi  nnresiricted, 

T!.':  ^'ii-T::";i'.t.-r  'ui'.z  hv  UnTii  lieisert  presenu  novel  featnres, 
;r.a-!;;ri'.:.  ;is  ::.•■  :i"."t.-!np:  ;s  maii-r  :o  ei^ualize  the  degree  of  snpei^ 


))i  it  ]>\  iiir  in-i  of  in  in<  ii  f.in<r  \(lucii\  of  Hon  of  steam  throng 
iIji  ipjfii  tl1l^  iiiil  1)\  I  s[)M  I  il  prmiMon  fui  mixing  the  carrent. 
111!  -iiijuiln  itin/tiili<  ^  tn  ])1  icpi]  f.  alion  n  in  tlie  cut,  Fig.  378, 
mil  li  i<,  111  I  III  sti  jiiirilillri  itxl  iiiin\  otlior  makes.  TheimpMt- 
irit  <iifr  r<n(<  i-,  ruiiml  in  tli*  Ik  Kltrshonn  in  Fig  374.  Themt 
si.  nil  .nt.  IS  a  .1  n.ws  tlmmL'li  tlie  I  tubes  1,  1',  2,  8*,  and  8,  tf 
bi(kt->tli.  IiomI  A'  llifiiic  thioughi,  I'andS,  6' to  J,,  th« 
ll)Hmj:li  (  (.'  mil  7,  7'  to  A„  tbr<.ii<jh  8,  *%'  to  X,,  next  tfarcmg^  9, 
.*'  to  /.,-iinl  fioin  /.'out  to  tin- <.ni,nne.  The  hoods  iri,^.,J^ and 
A'l  li;tvi.^  the  \vi.'t  sii'iiin  i.iii  tlic  oiitsi'le.  and  the  superiieated  oa  the 


THE  pRAcrric 
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.r.-.-ie.  sO  ti.at  there  .?  zo  pre^ure-  difference.  It  appears  that  tfae 
^:>:a;.i  flo'-fs  ii.Tfjuz!.  [Lrerr  :u'!K5.  iLen  ihmigii  two^  and  fioalb' 
*.:.rvUL':.  •'^r.'-.  !y'>  liia:.  .f  1:=  .n.:;ui  ape«d  is  fifivfeet  per  second,  the 
-r-r—i  r;-**  :ci  r-^v^r.-.v-ST^  fe^:.  iir.ii  tijen  to  one  hundred  and  fifty. 
.T.:--rHi\r.i:  x.'Ai  ii.-:  =-jr>erL«iiis^  temp^ratare.  because,  as  it  be- 
c'j?r;TT  r:jor»;  jjke  a  prrfeot  cas.  iLe  frlctional  loss  diminishes. 
To  iaoilita:*  ti.-?  mixfjr*.  a  Jtvloie.  sLowa  in  Fig.  3TS.  is  placed 


v.i'J.in  '-.'ici,  luij^.  I'j  lava  :ii'-  l-j-Zht  i-emral  jxtrtion  of  the cormt 
iCM^'ii'.  t:-';  ■■'.'(;,  ;,n'i  u.c  i.o:i>rr  i:xt«>rnal  portion  into  tbeoentreof 
■,i.-:  tury;.  Ttiv  sujieriieater  can  be  tiiled  Avith  irater  in  case  <rf 
r;-.-(;<.-si:iiy,  ami  a  'lampc-r  is  i<)cat>xi  s»  tiiai  more  or  leas  of  the  gam 
can  )>>;  siiort-c:rcu!to<L  ami  :i.>.-  l-.-mperalure  tlius  regulated. 

in  Fi^'.  370  ;s  to  I>e  s^:!)  ti.v;  arranirement  of  a  superheater 
a'lopie'i  f-'r  v.-attr-iu]je  imik-i-a  l>y  B,  Meyer.  It  is  |daoed  in 
liiipli'^ate  at  (■l:ii'.-r  sii.l>;  of  tii<;  stt-iim  tlnim,  abore  the  water 
tiiiK.-s.  ivitii  brick  aitiu-s  so  placed  that,  by  the  use  of  damper^ 
I:.':  sujjepij'.-ating-  <?an    be  contrfJIcI,  or  the  apparatiu  cut  out 


TIio  nupfiriieatcr  consists  of  a  long,  tliick-vralled,  Beamleas  tnbe^ 
mmht  of  iitLrot  iron,  tliivju!:h  wiiicb  the  steam  makes  a  single  pav 
froTii  on<;  r-nd  of  the  coil  to  tlie  other.  A  cross  section  of  tho 
tribr;  is  givon  ''Fi<r.  377'.  It  is  dividei]  into  four  parts,  tbrongiioiit 
!:s  Ii-iiirth.  by  walls,  the  bttier  to  transmit  the  heat  taken  up  to 
th(;  f:':ntTi:  of  the  oiii'ivnt  of  steam,  ami  to  effect  a  comidete  niper* 
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boating  with  a  small  Tiuraber  of  coils,  an  ample  cross-sectional 
areji,  and  consequent  low  rate  of  flow,  witli  little  loss  of  presaui-e. 
The  tubes  Lave  a  helical  twist  in  order  to  give  the  current  a 
rotating  motion,  and  throw  any  contained  moisture  against  tbe 
hot  outer  walls,  and  keep  their  temperature  within  safe  limits. 

Tbe  superheater  designed  by  Simonis  and  Lanz,  and  illustrated 
in  Fig.  378,  is  interesting  on  account  of  tbe  arrangement  of  the 
baffle  plates  and  dampers.  Tbe  header,  into  which  the  wet  steam 
is  led,  is  shown  in  Fig.  379.  It  will  be  seen  at  once  that  steam 
entering  tiie  upper  left-hand  compartment  will  pass  through  the 
U-tubes  into  the  compartment  Ijelow,  tiien  through  other  tubes 
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into  the  upper  middle  space,  next  to  tiie  lower  right-Land  com- 
partment, and  finally  to  the  upper  right-band  compartment,  and 
out.  The  steam  generat«tl  in  the  boiler  takes  a  sinuous  passsigo 
through  a  sepamtor  in  tJie  st«im  drum,  and,  the  valve  G  being 
closed.  Hows  through  the  valve  C'to  the  left-hand  portion  of  the 
lower  header,  and  through  tlie  superheating  coils  in  the  manner 
described,  becoming  thoroughly  mixed. 

Above  the  superheating  coils  is  a  tile  fiwtt  extending  along 
under  the  middle  part  of  the  steam  drum,  and  above  the  water 
tubes  are  baffle  plates  which  control  the  direction  of  flow  of  llie 
gases.  Dampers  are  placed  at  A  and  B.  By  manipulating  tlic 
back  ilampere  at  5,  any  desired  propoi'tion  of  the  gases  can  he 
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sent  through  the  snperheating  coils,  or  around  them,  and  in  con- 
tact with  the  steam  drum  above,  before  reaching  the  rear  end  of 
the  water  tubes.  By  closing  the  dampers  at  A  and  5,  the  super- 
heater can  be  completely  isolated  without  diminishing  the  water- 
iieating  surface  of  the  boiler  in  the  least. 

The  arrangement  of  an  inde|)endeniiy  fired  superheater  can  ho 
seen  in  Figs.  3S0  and  31SI.  Thesteam  enters  the  Lemlcr  at  the  top, 
and,  dividing  into  a  number  of  small  currents,  passes  througli  the 
coils  forward  and  back  ten  times,  tilt  it  collects  in,  and  is  discharged 
from,  the  lower  lieadcr.  The  builders,  A.  BUttner  ifc  Co.,  use 
wrought-iron  lubes  made  with  very  thick  walls.  Their  method  of 
setting  a  superheater  with  a  water-tube  boiler  is  itlastrated  in 
Figs.  3S2  and  383.  It  is  very  similar  to  the  practice  of  Eaboock  & 
Wilcox.  An  interesting  feature  of  the  boiler  is  the  insertion  of 
a  trough  in  the  steam  drum,  connecting  with  the  water  legs  front 
aud  back,  to  afford  an  unobstructed  path  for  the  water  which 
rises  with  the  .steam  in  the  front  leg,  and  thereby  to  maintain  a 
rapid  circulation. 

In  the  Gnhrig  it  Leuchs'sche  superheater.  Fig.  884,  the  parallel 
and  oountercurrent  principle  is  adopted.  Steam  is  admitted  at 
either  end  of  a  series  of  coils,  and  is  withdrawn  at  the  middle, 
with  the  same  intent  as  in  the  Schmidt  system.  The  arrange- 
ment of  piping  here,  as  indeed  with  many  types,  permits  the  use 
of  saturated  steam,  of  snperiteated,  or  of  a  mixture  of  the  two. 
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THE  BUTTNER INDEPENDENTLY  FIRED  BUPERHEATBR. 


Tiiti  ]>iirr  superheater,  as  Ijuill  witli  a  water-tnbe  boiler,  k 
filiuwn  in  I'J^  :jM5-t}tJ7.  Tlio  tubes  ai'e  so  placed  that  the  flow  of  tlu 
gases  uf  conibuiilioii  is  across  instead  uf  parallel  to  them,  a  detail 
often  thought  to  be  advantageous.  Since,  ^vith  this  boiler,  Beld 
tub(^  aru  used,  tlisiiensing  with  a  water  leg  at  the  back,  a  saper- 
liuutor  can  Ix;  located  as  in  the  P>itt.tner  design  to  good  adTantaget 
if  it  is  so  d<.-sircd.  Tli<;  lioader  lias  five  compartmeDta,  k>  that 
tlio  tarrent  o£  wet  stcaut  t-nU'ring  tlie  firet  is  split  up  ia  namerov 
small  tiil>es,  reunite<l  and  well  mixed  in  tlie  next  comportment) 
split  up  by  anotlier  series  of  tubes,  and  so  on  until  the  last  oom- 
jiartin«nt  is  n-aclied. 

Tc^ls  \rrru  nia<l»  iu  Febiiiary  and  July,  1998,  on  marine  watO^ 
tube  boijeis  of  a  s}K-ciid  de.tign.  built  by  the  suocessora  o{  Dttrr  ft 
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Co.  for  the  German  cruiser  "  Vineta,"  and  for  the  Govern- 
ment ship  "  Sachaen."  *  In  the  first  case  there  were  2,2S5  square 
feet  of  heating  surface,  2,105  feet  of  water-heating  surface,  and 
120  feet  of  superheating  surface.  The  boiler  designed  for  the 
"  Sachsen "  which  was  tested  was  one  of  eight.    It  had  aboot 


2,155  square  feet  of  water-heating  surface  and  127  square  feet 
of  superheating  surface.  The  whole  plant  on  the  "Sachsen" 
would  then  have  17,240  square  feet  of  water-heating  surface 
and  was  designed  to  furnish  steam  for  engines  rated  at  6,000 
horse-power.     The  boiler  pressure  in  both  cases  was  185  pounds. 
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and  the  evaporation  per  square  foot  of  heating  surface  per  hour, 
in  the  first  case,  nearly  6.5  pounds;  in  the  second,  5.9  pounds. 
The  steam  was  superheated  only  10  degrees,  tlie  intention  being 
to  make  dry  steam  when  driving  the  boilers  hard. 

The  Gohring  superheater  recommends  itself  by  reason  of  the 
ease  with  which,  in  case  of  necessity,  a  new  element  can  be  sub- 
stituted for  an  old  one.    As  the  cut,  Fig.  3S:?,  shows,  it  consists  of 


a  series  of  spiral  coils  of  wrought-iron  pipe.  The  ends  are  brought 
outside  of  the  boiler  setting,  and  connected  by  means  of  bolted 
flanges  to  headers.  Fig.  389  indicates  a  method  of  applying  it  to 
a  double-decked  boiler,  with  provision  for  isolating  it. 

Some  excellent  features  are  embodied  in  a  superheater  patented 
by  K.  llildebrand.  It  is  shown  in  Fig.  390.  Steam  from  the  pipe 
g  enters  a  separator  (?,  and  flows  thence  to  the  headers  C  and  D, 
which  connect  directly  with  the  superheating  coils  A  and  B.  A 
three-way  vidve,  E,  controls  the  distribution  of  steam  to  the  two 
coils,  and  a  by-pass,  h,  permits  the  water  from  the  separator  to 
flow  into  the  coil  A,  which  is  exposed  to  the  hottest  gases.  In 
the  coil  A  the  steam  flows  in  the  same  direction  as  the  gases  of 
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<!ombu8tioii,  while  in  the  coil  B  it  flows  in  the  opposite  direction, 
the  parallel  and  counterciirrent  principle  of  Schmidt  being  here 
introduced.  The  rear  coil  being  exposed  to  cooler  gases,  is  longer 
than  the  front  coil.  Bj'  controlling  the  distribution  at  E,  an  ap- 
proximately equal  temperatare  in  both  members  should  be  at- 
tained.    The  superheated  steam  is  withdrawn  at  H. 

In  the  Fehrmann  superheater,  shown  in  Fig.  301,  the  steam  to 
be  superheated  is  contained  in  an  annular  space  between  a  seven- 
inch  and  a  ten-inch  pipe.  The  larger  pipe  is  worked  down  to  a 
suitable  size  at  ihe  ends,  and  a  tight  joint  secured  by  welding. 
The  hot  fine  gases  pass  thi-ough  the  inner  tube,  and  around  the 
outer.  Bel  ween  tiietubesarecorrugatedstripsof  sheet  copper  bent 
into  a  cylindrical  shape,  the  corrugations  being  parallel  to  the  axis 
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of  the  cylindflr,  the  strips  pressing  by  their  own  elasticity  against 
both  the  inner  and  the  outer  shell.  To  secure  a  better  inijcture  of 
the  steam  passing  over  these  plates,  they  are  so  arranged  that  the 
crests  of  tlie  corrugations  on  one  plate  are  in  line  with  the  hollows 
of  the  adjacent  plates.  Since  copper  has  six  or  seveD  times  the 
beat  conductivity  of  iron,  and  since  there  are  numerous  lines  of 
close  contact  between  the  corrugated  plates  and  the  inner  aud  the 
outer  tubes,  the  additional  heating  surface  thus  obt^ned  should 
be  very  effective. 

The  cut  shows  how  this  apparatus  may  be  applied  to  an  old 
boiler  with  little  or  no  interruption  to  its  regular  operation.  By 
providing  a  short  cut  to  the  chimney  through  the  superheater,  it 
is  possible  to  control  the  flow  o(  gas,  and  the  arrangement  indi- 


cated permits  of  its  being  easily  thrown  out  of  use  whoi 
desirable  to  do  so. 

The  Schwoorer  superheater  is  shown,  in  Fig,  3!>2,  applied  to  an 
internally  fired  boiler.  A  glance  at  the  end  view  shows  that  it 
is  placed  in  the  aide  flues  where  the  gases  are  making  their 
second  pass  over  the  water-boating  surface.  It  is  made  up  of  ten- 
foot  lengths  of  cast-iron  pipe,  ribbetl  outside  circumferentially, 
and  inside  longitudinally,  to  split  up  the  current  of  steam  into 
small  parts,  wliich  is  important  because  of  its  low  heat  conduc- 
tivity. The  intention  is  to  provide  ample  heating  surface  in- 
ternally and  externally,  with  a  compact  apparatus,  and,  by  means 
of  the  excess  metal,  to  store  or  give  out  heat  as  the  flue  tempera^ 
ture  fluctuates,  so  as  to  equalize  the  steam  tem|)erature,  wbieli  is, 
in  fact,  kept  fairly  constant.     A  temperature  of  150  d^rees  can 
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be  safely  maintained.     Dampers  are  considered  unnecessary,  and 
are  installed  only  in  exceptional  cases. 

The  joints  are  flanged^  and  sbapeil  to  let  in  a  ring  of  special 
form  imbeiided  in  a  refractor}'  cement,  and  then  drawn  up  with 
bolts.  They  are  said  to  be  absolutely  tight  under  all  conditions 
of  temperature  and  pressure.  An  independently  fired  super- 
heater of  the  Schwoerer  type  is  shown  in  Fig.  893.  The  wet 
steam  is  admitted  at  the  end  nearest  the  fire,  and  the  superheated 
steam  withdrawn  from  the  far  end. 


Fn;.  39-2. 


Fiir.  '^'y-lr  represents  a  cast-iron  siii>erheater  built  by  Gtebruder 
Bijlimer  of  Magdeburg.  The  elements  are  ribbed  extemallj,  and 
have  a  single  interior  wall  extending  almost  to  the  far  end  of  the 
element,  which  is  closeiU  so  that  the  steam  ])as5es  along  one  side 
and  returns  through  the  other,  inlet  and  outlet  being  at  the  same 
end  of  the  casting.  Perfectly  free  expansion,  and  tight  joints^ 
ar»:»  tlius  secureil  with  little  trouhlc. 

Tijo  types  illustrated  serve  to  show  the  variety  of  ways  in  which 
tii»'  problem  of  suj>erheating  steam   has  been   attacked.     Such 
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types  as  the  Schmitlt,  the  Schwoerer,  the  Gehre,  the  "Walther,  and 
tlie  Hering  have  l)een  in  the  market  long  enoogh  to  demonstrate 
their  iitiHty,  and  hundreds  of  installations  have  been  made  of  eooh 
type,  over  two  tliousiind  indeed  of  the  Schwoerer.  Others  have 
yet  to  stand  tlie  test  of  time,  and  one,  the  Hildebrand,  so  far  as 
tlie  \rriter  knows,  lias  not  yet  been  built  at  all.  The  fact  that  al- 
most all  of  the  leading  boiler-makers  in  Germany  to-day  find  it 
necessary  to  have  some  sort  of  a  superheater  to  crffer,  is  a  aniB- 
cient  indication  of  the  tendency  of  the  times. 


NoTK. — Tliis  paper  t 
'■  Siiperheiited  Steam,"  . 
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1  jointly  with  that  ot  Mr.  &.  H.  Fostu  OB 
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SUPERHEATED    STEA.V.\ 


(Hemb«  or  Ih*  flnclclf .) 

1.  It  often  occurs  that  a  mecbanieal  improvement  attracts  more 
or  less  wide  attentioQ  for  a  time  and  then  falls  into  disuse,  even 
to  the  pointof  being  almost  forgotten,  because  of  some  apparently 
insarmoun table,  obstacle  to  be  taken  up  again  at  a  later  date 
when  the  conditions  governing  its  oso  appear  to  be  more  favor- 
able. 

This  seems  to  be  especially  true  with  the  subject  of  superheated 
steam,  by  which  we  mean  the  practice  of  raising  steam,  immedi- 
ately after  its  generation  in  the  boiler,  to  a  temperature  consider- 
ably in  excess  of  the  saturation  point,  without  greatly  increasing 
its  pressure,  for  the  purpose  of  working  it  in  a  steam  engine  in  this 
condition. 

2.  Considerable  attention  was  given  to  this  subject  as  far  back  as 
the  year  1850,  when  we  find  numerous  reports  of  engine  tests 
which  show  most  remarkable  gains,  ranging  from  30  to  40  per 
cent.,  of  work  done  with  a  given  amount  of  superheated  steam 
over  the  same  weight  of  steam  at  a  temperature  corresponding  to 
its  pressure.  These  early  experiments  seem  to  have  Ijeen  prac- 
tically confined  to  marine  practice,  possibly  because  this  was  the 

"  Presented  at  the  Milwaukee  meeting  (Miiy,  IflOl)  at  (lie  American  Society  of 
Mechanical  Engineers,  and  formiog  part  of  Vnlnnic  XXII.  of  the  Trantaetion*. 

t  This  paper  was  presented  and  discussed  ut  tho  .Junior  Keunion  of  UemberB 
in  New  York  City,  April  2,  1901. 

For  other  discussions  on  this  topic,  conmih  Tnin-aarlioiis  as  follows  : 
Mo.  573,  vol.  XV.,  p.  313  ;  "  Maximum  Conteniiiorary  EtoLiomy  of  Iligh-pressnre 

Multiple-expansion  Steam  Engine."     R.  H.  Thurston. 
No.  689,  vol.  ivii..  p.  488  :  "  Superheated  Steam."     R.  H.  Thurston. 
No.  720,  vol.  xviii..  p.  ICO:  "Promise  and  Potency  of   High- pressure  SIcbiu." 

K,  H.  TiLurston. 
No.  868,  vol.  iii..  p.  788:  "  I'ura ping-engine   Test   with   Suptrheated   Sieuni." 

E.  H.  Foster. 
No.  905,  vol.  xxil.,  p.  89!) :  "  Practical  Application  of  Saperbeated  SteHw. 
Hutchinson. 
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most  active  tield  for  developini^r  the  steam  engine  at  thattime^ 
and  s«>me  ideii  of  i\i*:  tiioruiisriiness  of  the  investigation  is  obtained 
from  the  accounts  r;f  Iohl'  vo\air«?5.  covering  several  thousand 
miles,  of  wliicii  r^.-cords  wore  kept  of  tlie  amount  of  coal  burned 
\vh».*n  tiie  engines  were  workeil  with  siijierheated  steam  and  cl 
correspondinf:  voyages  using  steam  without  superheating. 

3.  In  liis  first  voUime  of  reseaix-hes.  Chief  Engineer  Isherwood 
discussed  this  matter  quite  carefully  and  drew  the  general  con- 
clusion that,  while  great  economy  was  doubtless  to  be  obtained  by 
using  superheated  steam  in  engines,  the  extra  bulk  and  weight  of 
the  apparatus  required  to  produce  the  su|>erheat«  the  vulnerability 
of  tiie  same  to  destruction,  but  most  especially  the  bad  effectBof 
superheated  steam  on  tlie  interior  working  parts  of  the  cylinderB 
and  valves  of  the  en<rines,  chieflv  due  to  the  destruction  of  the 
lubricating  oils  before  they  have  had  a  chance  to  perform  their 
work,  constituted  real  <lifficulties  which  rendered  the  use  dl 
superheated  steam  at  tiiat  time  undesirable.  In  spite  of  this 
carefully  considered  condemnati«>n  and  Isherwood^s  apparent  at- 
tempt to  dismiss  the  subject  as  being  the  wrong  line  to  pursue  in 
steam-engine  devr-lopment,  the  question  of  superheating  seems  to 
have  continued  to  attract  wide  attention.  The  saving  in  the 
coal  j)lle  was  Ux)  great  to  be  ignored.  an<l  engine  constructors  and 
owners  were  t<?m])ted  by  the  reduction  in  operating  expenses  to 
take  the  risk  of  inefficient  lubrication  and  the  other  attendant 
difficulties,  and  so  nuicii  ]>rogress  was  evidently  made  that  we  find 
in  Isherwood's  second  volume  of  Experimental  Researches,  JBSued 
only  two  years  later,  even  more  attention  devoted  to  superheat- 
ing than  before  and  with  quite  different  conclusions.  In  facti 
suixirheating  is  distinctly  recommended,  and  the  statement  made 
that  the  average  gain  in  work  done  of  al>out  33  per  cent,  may  be 
counted  upon.  lie  recommends  the  steam  to  be  superheated  not 
more  than  \'4^}  degrees  Falir.  and  suggests  100  degrees  as  an  a7e^ 
age  which  it  is  S2ife  to  assume  because  of  the  inability  of  thecnl 
to  stand  a  higher  temperature  without  destruction. 

The  primitive  form  of  the  engine,  the  inefficient  insulating 
covering,  and  the  hnv  ])ressure  used  at  that  time  were  conditions 
which  undoubtedly  lent  themselves  to  making  the  use  of  saper- 
heated  sttjam  exceedingly  ad  vantage*  his,  and  the  diflBcnlties  of 
lubrication,  ])aoking  of  stuffing-boxes,  etc.,  must  have  been  found 
to  be  very  giui'jit  in  oi'dei'  to  cause  this  practice  to  be  discontinued 
for  so  long  a  time,  as  it  undoubtedly  was.    At  the  same  time  the 
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compounding  of  steam  cylinders,  tiie  introduction  of  condensers, 
.  the  improvemeD t  in  valve  gear  and  general  construction,  the  in- 
crease  of  steam  pressures,  and  other  radical  improvements  were 
so  rapidlj  brougbt  into  general  use  lliat  the  amount  of  work 
done  per  unit  of  steam  was  I'aised  to  a  higher  point  than  ever 
before,  in  spite  of  the  drawbacks  of  moist  steam. 

4.  As  the  superheater  was  lost  sight  of,  the  improvements 
which  were  being  adopted  in  other  directions  were  of  such  a 
nature  as  to  diminish  its  importance.  Let  us  examine  these  im- 
provements to  the  steam  engine.  Have  they  in  any  way  inter- 
fered with  it  as  a  user  of  superheated  steam?  On  the  contrary, 
we  find  the  steam  engine  of  the  present  day  much  more  suited  to 
the  use  of  superlieated  steam  than  formerly.  We  now  have 
mineral  oils  which  wiU  stantL  high  temperatures  without  disin- 
tegration; we  have  stufting-boxes  packed  with  metallic  packing; 
we  have  cylinders  and  steam  pipes  covere<i  with  a  much  more 
efficient  insulating  material ;  we  have  the  wearing  surfaces  of 
cylinders  and  pistons  machined  to  a  nicety,  and  the  interior  sur- 
faces often  highly  polished  ;  we  have  improved  forms  of  balanced 
and  steara-tiglit  valves,  and  these  with  our  present  searching 
after  every  device  to  make  the  engine  more  economical,  seem  to 
open  a  field  for  the  superheater  to  an  almost  unlimited  degree. 

In  Europe  we  find  much  encouragement  in  this  belief.  We 
Americans  have  cliaracteristically  developed  the  line  following 
the  path  of  least  resistance,  practically  ignoring  the  question 
which  had  seemed  to  be  set  aside.  Europeans,  however,  par- 
ticularly on  the  continent,  also  true  to  their  characteristics,  seem 
to  have  Ijeen  plodding  along  in  the  direction  which  they  knew  to 
be  meritorious,  gradually  working  out  the  problems,  and  slowly 
overcoming  the  obstacles,  until  we  now  find  them  in  a  state  very 
much  in  advance  of  ourselves. 

5.  In  this  mattt:r  great  credit  is  due  to  that  able  Alsatian  en- 
gineer, (i.  A.  Hirn,  and  to  his  successor,  Emil  Schwoei'er,  and 
also  to  the  German  engineer,  W.  Schmidt,  for  keeping  this  subject 
alive.  We  find  liiein  with  records  of  several  thousand  successful 
installations  of  large  and  small  plants,  and  European  engineers 
educated  up  to  ;i.  jmint  where  no  economical  steam  plant  is  seri- 
ously contemplated  without  including  the  superheater.  Host  of 
the  records  of  these  tests  show  a  saving  in  steam  and  fuel  ranging 
from  G  to  over  20  pw  cent. 

6.  What  is  tin;  reason  fur  ihis  increased  efliciency  of  steam  when 
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superheated?    Kankine  discusses  the  question  in  his  work  on  the 
steam  engine. 

I.  We  raise  the  temperature  at  which  the  steam  receives  its 
heat  and  so  increase  its  efficiency  witliout  producing  a  dangerous 
pressure.  According  to  the  law  of  efficiency  of  thermo-dynamio 
engines,  the  hccat  transformed  into  mechanical  energy  bears  the 
ratio  to  the  whole  heat  received  by  the  fluid  as  the  range  of  tem- 
peratures is  to  the  absolute  temperature  at  which  the  heat  is 
received,  as  follows : 


^  = 


T^  +  4H1.2 


The  more  heat  supplied  per  unit  of  volume  of  steam  to  the  en- 
gine the  more  work  can  be  obtained  from  the  engine,  and  the 
increase  of  pressure  having  a  practical  limit,  this  extra  heat  is 
to  be  obtained  by  sujierheating  the  steam. 

II.  The  diminished  density  of  the  steam  employed  to  do  the 
work  lessens  the  back  pressure,  or,  as  commonly  expressed,  im- 
proves the  vacuum.  This  also  applies  to  the  air  and  vapor  which 
are  carried  with  the  steam  and  further  expanded  by  the  increased 
heat,  and  are  consequently  contracted  to  a  much  less  Yolame 
when  chilled  by  striking  the  cooling  surface  of  the  condenser ;  thus 
the  air  pump  has  less  work  to  do. 

III.  The  prevention  of  condensation  during  expansion  without 
the  use  of  steam  jackets,  and  in  a  much  more  effective  manner. 
This  is  the  most  im)X)rtant  advantage  to  be  attached  to  the  use  of 
superheated  steam.  Steam  jackets  are  wasteful  and  inefficient 
when  applying  heat  to  the  engine.  Inefficient  because  the  con- 
tact is  only  with  the  steiim  immediately  adjacent  to  the  walls  of 
the  cylinder,  with  probably  little  .effect  being  derived  by  the  steam 
in  contact  with  the  piston  and  in  the  interior  of  the  cylinder  out 
of  reach  of  the  radiation  from  the  walls;  wasteful  because  of  the 
full  effect  of  heating  tli(^  exhaust  steam  after  it  has  done  its  work 
in  the  cylinder  during  the  waning  stages  of  expansion  and  through- 
out the  exhausting  stroke.  This  is  particularly  true  of  engines 
which  have  a  pause  at  the  end  of  the  stroke,  which  pause  always 
finds  the  cylinder  full  of  steam  which  has  completed  its  work  in 
tlie  cylinder  and  is  ready  to  be  exhausted.  Ample  evidence  of 
the  truth  of  this  statement  is  found  in  the  high  ratio  of  water 
condensed  in  the  jackets  of  diroctacting  pumping  engines  to  the 
amount  of  steam  used  in  the  cylinders. 
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7.  The  use  of  superheated  steam  is  bourn!  to  have  an  important 
effect  OD  the  question  of  jiicketing  cylinders.  If  the  superheating 
is  sufficient  to  carry  the  steam  through  the  engine  to  the  point  of 
final  exhaost  without  reaching  the  saturation  limit,  there  is  evi- 
dently no  use  for  steam  jjickets.  This,  however,  necessitates  the 
careful  covering  of  the  cylincier  wails  and  steam  passages  to  pre- 
vent as  much  radiation  as  possible,  and  the  logical  development 
of  thisquestion  would  seem  to  be  to  abandon  the  low-pressure 
jacket  first,  and  follow  by  giving  up  the  intermediate,  and  finally 
the  high-pressure  jackets,  and  substitute  for  these  ample  inter- 
mediate rehenters,  between  the  cylinders,  so  proportioned  that 
each  cylinder  would  exhaust  its  steam  at  a  point  just  sufficiently 
above  the  temperature,  due  to  the  pressure,  to  insure  the  absence 
of  any  condensation. 

The  use  of  perfectly  dry  steam  and  the  elimination  of  condensed 
water  would  seem  a  very  practical  advantage  of  superhe-ating. 
Water  is  a  disturbing  element  in  steam  engines  and  pipes  at  all 
times.  It  increases  the  friction  of  the  wearing  surfaces,  interferes 
with  the  lubrication,  and  chokes  up  the  discharge;  it  produces 
unequal  strains  in  the  metal,  due  to  different  temperatures,  and 
often  gives  leaks  at  joints  which  remain  perfectly  tight  under  dry 
steam.     Drip|iing  at  stuffing-boxes  is  also  avoided  in  this  way, 

8.  It  has  always  been  difficult  to  determine  tiie  actual  amount  of 
moisture  which  is  contained  in  steam;  some  light  is  thrown  on 
the  subject  by  the  use  of  su])erliealed  steam.  For  instance,  at  a 
working  pressure  of  125  pounds,  1  per  cent,  moisture  would  repre- 
sent about  20  degrees  of  sui>erheaE.  We  find  under  the  best  con- 
ditions of  pro])cr]y  proportioned  steam  pipes,  and  well  covered,  a 
loss  of  i  to  J  of  a  degree  Fahr.  of  superheat  per  foot  of  steam 
pipe.  It  would  not  be  out  of  reason  to  assume  that  with  the  or- 
dinary large  and  indifferently  covered  steam  pipe  the  loss  would 
reach  even  as  much  as  1  degree  Fahr.  for  every  foot  of  pipe ;  con- 
sequently a  pipe  lOil  feet  long  might  tase  100  degrees  of  superheat, 
corresponding  to  r>  jrer  cent,  of  moisture  in  the  steam,  provided 
the  steam  was  dry  on  leaving  the  boiler.  Even  assuming  i  de- 
gree loss  per  foot,  we  should  have  a  condensation  of  2^  per  cent. 
in  a  steam  pipe  of  this  length. 

9.  As  the  friction  for  superheatetl  steam  is  much  less  than  for 
saturated  steam  in  passing,  there  is  not  so  much  loss  in  ports  and 
passages,  and  the  size  of  the  pipes  may  be  considerably  reduced. 
The  tendency  in  this  country  has  been  to  use  steam  pipes  which 
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are  much  too  large.  Gocxl  practice  with  superheated  steam 
recommonds  that  the  velocity  should  not  be  less  than  100  feet  per 
second  passing  fi*om  the  boiler  to  the  engine.  Of  coarse,  this 
means  aniph^  steam  receivers  in  proximity  to  the  engine,  and  a  Yenr 
goo<l  i)hm  would  be  to  have  these  receivers  fitted  with  reheating 
tubes  containing  steam  which  is  being  circulated  through  the  super- 
heater, or  else  a  ]X)rtion  of  the  hot  furnace  gases,  diverted  from 
their  course  for  this  purpose,  and  returning  again  to  the  hoiler  flue 
bv  means  of  an  induced  draft. 

Having  once  evapoi'ated  water  into  steam  at  an  expense  of  1,000 
or  1,100  lieat  units,  why  allow  it  to  condense  and  drop  over  800  of 
the  heat  units  before  doing  its  work,  and  rush  forward  more  steam 
to  take  the  ])lace  of  that  which  is  lost,  instead  of  supplying  the 
necessiiry  heat  for  the  reeva|)oration,  thus  saving  the  heat  origi- 
nally exjiended  ? 

10.  As  to  the  present  effect  of  superheated  steam  on  lubricating 
oils  and  stuffing-box  packings,  it  may  be  said  that  the  present 
practice  provides,  and  in  fact  already  demands,  oil  and  packing 
which  will  easilv  withstand  these  conditions.  Mineral  oils  have 
supplanted  the  old  vegetable  oils  and  animal  fats  which  were 
formerly  used  with  machinery,  and  metallic  steam  packings  have 
been  univei'sally  adopted.  P>oth  of  these  were  necessitated  by  the 
temperatures  due  to  the  steam  pressures  in  the  vicinity  of  150 
pounds  to  the  squai'e  inch,  which  is  now  common  practice;  henoOi 
we  already  have  the  way  thoroughly  paved  for  the  introduction 
of  superheat(Hl  steam. 

11.  AVe  have  mentioned  European  practice  in  this  direction. 
There  wo  tind  no  ])rominent  central  station  designed  without  pro- 
viding fur  superheated  steam ;  engine  builders  make  guarantees 
contingent  u[)on  it,  giving  an  advantage  averaging  about  12  per 
cent,  in  pounds  of  steam  per  hoise-ix)wer  based  upon  the  steam 
being  superheated.  The  range  of  temperatures  has  resolved  itself 
into  recommending  the  use  of  st(»am  at  between  500  and  600  de. 
greets  Fahr.  Good  practice nln'oad  may  be  said  to  lie  in  the  vicinity 
of  570  degre(»s.  ExperiuKMittTs  have  observed  that  steam  expands 
more  rapidly  during  the  first  20  dtigrees  of  superheating  than  when 
further  I'aised  in  tenip(M'ature ;  consequently,  the  first  effects  are 
proportionately  more  beneficial. 

12.  Tlie  method  of  constructing  the  superheater  naturally  pre- 
srnts  the  most  important  aspect  of  the  situation  after  deoi^ng 
that  the  results  are  beneficial  and  desirable. 
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DiBmissing  tlie  subject  of  sii|.ierheating  bv  means  of  ^vire-draw- 
ing  as  being  inefficient  and  impracticable,  the  methods  resolve 
themselves  intw  a  sj'stetn  of  tiil)es  or  pipes,  through  which  the 
steam  is  pa£se<l  after  leaving  tlie  boiler  on  its  way  to  the  engine ; 
these  pipes  being  subjected  to  the  hot  furnace  gases,  either  in 
connection  with  the  steam  boiler  itself  or  in  a  separate  setting 
having  a  fire  of  its  own.  In  large  plants  it  is  usual  and  even 
more  desirable  to  set  the  superheater  bj  itself;  and  it  is  placed 
alongside  of  the  boiler  as  a  continuation  of  the  battery,  with 
fronts  and  setting  similar  to  the  boilers,  and  fired  in  the  regular 
manner  as  the  boilers.  The  fact  that  the  results  are  found  to 
justify  such  an  addition  to  the  plant  is  the  best  testimony  in  favor 
of  superheating. 

■  Much  rivalry  exists  between  the  use  of  cast-iron  and  wronght- 
iron  tubes  for  superheaters,  and  there  seem  to  be  well-defined 
governing  conditions  in  different  instances  where  either  one  or 
the  other  is  found  the  more  desirable.  For  general  use,  however, 
the  author  unquestionablj'  leans  towai'd  the  cast-iron  construc- 
tion, believing  that  it  possesses  greater  durability,  and,  because  of 
the  greater  mass  of  heated  metal  which  serves  to  maintain  the 
temperature  of  the  steam  at  a  more  even  point,  not  being  so  much 
affected  by  the  working  of  t!ie  fire.  For  e.xample,  when  the  fire 
door  is  open  the  blast  of  enld  air  taken  in  has  a  chilling  effect 
on  the  superheater,  and  is  much  more  pronounced  if  the  tubes 
are  of  light  wrought-iron  construction  than  if  they  are  constructed 
of  cast  iron  ivilh  a  correspondingly  greater  thickness. 

The  siime  oijjections  which  are  raised  to  the  use  of  cast  iron 
in  boiler  constructi<m  cannot  apply  to  superheaters.  The  presence 
of  water  in  a  boiler  gives  rise  to  unequal  temperatures,  which 
produce  severe  internal  strains  in  the  metal,  whereas  a  super- 
heater contains  no  water,  and  the  comparatively  even  tempera- 
ture of  the  steam  relieves  the  metal  of  all  strains  except  those  due 
to  the  bursting  pressure. 

The   cast>iron   suj>erheaters  which  the   author   inspected    had 
great  sti-engtb  and  durability ;  some  of  them  had  been  in  use  for 
six  years  witliout  giving  the  slightest  trouble  or  showing  s 
deterioration. 

1.3.  The  point  of  application  of  this  type  to  the  boiler  varies  with 
the  construction  ()f  the  latter.  For  instance,  the  most  favorable 
location  on  a  Babcock  &  Wiicox  boiler  is  immediately  over  the 
tubes  and  under  the  slu'il ;  tin-  s;imp  is  ai.TO  true  of  a  Heine  boiler ; 
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but  at  the  same  time  a  gocxi  arrangement  may  be  made  in  either 
of  these  types  by  placing  the  superheater  back  of  the  bridge  wall 
and  underneath  the  tubes.  In  the  independently  fired  boiler  of 
the  marine  tyi)e  the  superheater  may  be  placed  in  the  main  floe 
or  at  the  back  of  the  Ijoiler  where  the  gases  are  tamed  up  to 
enter  the  tubes.  In  an  ordinary  return-tubular  boiler  the  fine  at 
the  back,  immediately  at  the  entrance  to  the  tubes,  is  a  Yeiy 
appropriate  phice  for  the  su|^rheater,  as  on  account  of  the  hi^ 
temperature  at  that  point  the  heating  surface  ma\^  be  distributed 
with  great  efficiency. 

The  wrought-iron  construction  for  superheaters  undonbtedly 
has  its  useful  field.  The  lightness  and  compactness  of  this  form 
of  api>aratus  are  greatly  in  its  favor.  With  well  assured  cironla- 
tion,  a  comparatively  low  temi^erature  of  hot  gases,  and  especdaUy 
where  a  mcxlerate  degree  of  superheating  is  required,  good  resuhs 
should  be  obtained. 

The  liabcock  &;  Wilcox  Company  make  a  simple  and  ingeni- 
ously arnmged  superheater  of  this  type  consisting  of  two  cast- 
iron  headers  set  parallel  and  adjacent  to  each  other,  with  openings 
facing  in  the  same  direction.  The  headers  are  joined  by  rows  of 
1|  inch  wrought  return  bends,  which  extend  out  into  the  hot  gaseSb 

This  arrangement  is  well  adapted  to  the  popular  form  of  the 
Bal)cock  &  Wilcox  boiler  and  efficiently  utilizes  the  triangular 
space  between  the  horizontal  drum  and  the  tubes. 

14.  Aside  from  its  application  to  steam  plants  where  the  eng^e  is 
in  close  proximity  to  the  boiler,  the  superheater  has  an  immense 
field  as  a  relay  agent.  In  large  plants  where  steam  is  condneted 
from  one  central  boiler  ])lant  to  other  buildings,  often  at  a  oon- 
siderable  distance,  a  superlicater  Avith  a  comparatively  small  gas^ 
oil,  or  coke  fire  may  be  placed  at  the  far  end  of  the  pipe  and  add 
enough  heat  to  the  steam  not  only  to  evaporate  all  the  moistarB 
produceil  by  loss  of  heat  in  transit,  but  to  raise  the  temperatnvB 
to  such  a  degree  of  superheat  as  to  increase  its  eflBciency  in  the 
engines  as  before  mentioned. 

15.  A  large  plant  of  this  sort  was  inspected  by  the  author  in  a 
steel  works  and  rolling  mill  at  Kothe  Erde,  Germany.  In  this 
case  there  were  fifty  Cornish  boilers,  aggregating  64,000  sqnan 
feet  of  heating  surface.  Superheaters  are  fitted  to  each  boiler  in 
the  side  fines,  while  three  indejxmdently  fired  superheaters  aie 
placed  at  the  termination  of  a  steam  pipe  1,000  feet  long  leadii^ 
from  a  battery  of  twenty-four  Cornish  boilers. 
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Oil  is  burned  in  these  works  as  fuel,  and  the  officers  of  the 
oompany  stated  that  the  superheaters  had  been  in  use  since  1S9(>. 
without  giving  the  slightest  trouble,  and  that  repeated  tests  fami 
shown  a  saving  in  fuel  at  the  former  plant  of  from  17  to  20  per 
cent,  while  in  spite  of  the  long  steam  pipe  and  numerous 
branches  the  tatter  installation  shows  an  increase  in  economy 
of  from  10  to  13  per  cent. 

In  this  plant  and  many  others,  all  types  of  slide  valve  and  Cor- 
liss and  poppet-valve  engines  were  found  working  with  super- 
heated steam,  and  we  were  unable  to  secure  any  testimony  of  a 
derogatory  nature  to  the  practice,  or  which  would  suggest  the 
necessity  of  providing  any  special  means  for  lubricating  under 
such  contlitions. 

16.  As  to  the  actual  results  which  may  be  promised  to  any  pro- 
spective user  of  superheated  steam,  we  shall  content  ourselves 
with  the  statement  that  this  depends  entirely  upon  the  surround- 
ing conditions.  That  some  benefit  may  be  derived  is  without 
question.  It  is  a  remarkable  fact  that  throughout  all  the  mass 
of  evidence  which  has  been  accumulated  during  many  years,  one 
result  seems  to  be  universal,  however  vague  or  incomplete  the 
recorded  data^superheating  always  results  in  a  considerable 
economy  of  steam  usetl. 

After  all,  a  conclusion  of  this  sort  is  about  all  which  could  be 
expected  from  a  mass  of  reports,  from  widely  different  sources, 
of  tests  made  according  to  no  common  standard.  In  such  cases 
the  data  are  bound  to  be  incomplete,  but  not  altogether  without 
value  on  this  account.  If  we  find  such  important  items  as  the 
temperature  of  the  fire,  rate  of  combustion,  temperature  of  escap- 
ing guses,  efficiency  of  boiler,  amount  of  draft,  etc.,  omitted,  these 
tests  may  be  regarded  of  less  value  from  a  scientific  pointof  view, 
or  as  an  aid  to  tlie  constructor ;  yet  we  are  glad  to  have  them  for 
the  assistance  wliich  they  give  us  in  forming  an  opinion  of  the 
general  subject. 

17.  Wo  feel  convinced  that  much  improvement  in  steam-engine 
economy  may  be  obtained  by  using  superheated  steam,  even  in 
the  highest  class  of  engines  of  the  present  day. 

We  believe  the  superheating  of  steam  will  give  the  triple-expan- 
sion engine  somewhat  of  a  setback.  We  have  records  of  tests 
under  which  a  compound  engine  with  superheated  steam  has  given 
better  results,  under  simitar  conditions  of  work,  than  a  triple  ex- 
pansion. 
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The  arguments  bearing  on  this  case  would  be  too  lengthy  to 
mention  here,  but  it  will  be  readilv  admitted  that  with  the  use  of 
superheated  steam  some  of  the  reasons  for  the  multiplication  of 
steam  cylinders  disappear. 

We  expect  to  see  an  indicated  horse-power  easily  developed  with 
10  pounds  of  steam  per  hour  in  a  compound  engine,  and  already 
have  records  of  10.12  pounds  for  an  indicateil  horse-power  per  hour 
on  an  800  horse-power  compound  Corliss  engine  in  Europe. 

The  effect  in  fuel  saved  is  not  necessarily  in  the  same  proportion 
to  that  of  steam  saved  by  employing  superheaters.  Many  tests 
show  a  larger  proportion  of  fuel  saved  than  of  steam,  while  in 
others  these  relations  are  reverse<l. 

The  superheater  virtually  adds  to  the  heating  surface  of  the 
boiler.  It  mav  truthfullv  be  claimed  to  utilize  this  surface  more 
efficiently.  In  a  well  proportioned  plant  Avhere  the  waste  gases 
are  rejected  at  a  low  temperature,  the  net  gain  by  superheating 
will  obviously  be  less  tlian  in  a  plant  where  available  heat  is  al- 
lowed to  find  its  way  to  the  chimney.  We  are  always  sure  of 
some  improvement,  but  each  cjise  must  be  considered  by  itself  in 
determining  the  amount. 

The  author  was  able  to  gather  much  information  on  this  subject 
while  in  Europe,  and  lias  collected  many  reports  of  tests.  He  has 
had  opportunities  of  making  only  two  such  tests  personally.  The 
results  of  one  of  these  were  o^jven  to  this  Societv  at  a  recent 
meeting."*^ 

Discrssiox. 

Mr.  F,  A.  Scheffl^r. — Mr.  Foster's  remark  in  paragraph  12, 
which  refers  to  the  subject  of  superheating  steam  by  wii'e-draw- 
ing,  requires  modification  to  the  extent  that  he  is  perfectly  justi- 
fied in  making  this  statement  in  so  far  as  it  may  refer  to  (n\ly 
superheating  the  steam  to  a  high  degree  of  superheat,  but  I  wish 
to  qualify  the  statement  to  this  eff(»ct — that  the  slight  amount  of 
wire-drawing  (loss  than  1  ])er  cent.)  which  occurs  in  the  ^'Pot- 
ter'' ^[esh  Separators  (a  device  located  in  the  steam  space  of 
any  kind  of  a  boih^i*  to  take  the  moisture  out  of  the  steam)  is 
not  "  inrjfirlf'nf  and  imj>r(ictfcal>le/'  This  small  amount  of  wire- 
drawing increases  the  temperature  of  the  steam  passing  through- 
the  ''  Potter''  Separator  i)v  a  slight  amount  of  superheat,  and 

*  "  Pumping-engine  Test  witli  Superheated  Steam."    E.  II.  Foster,  vol.  xxi., 
p.  788,  No.  853. 
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at  the  same  time  decreases  the  amouiit  of  moisture  in  the  steam 
by  fromj?rty  to  eixly  per  ceut.  This  statement  can  be  substan- 
tiated; and  as  the  "  Potter  "  Mesh  Separator  is  being  specified 
by  some  of  the  best  engineers  and  architects  in  this  country,  no 
further  comments  are  necessary,  excejtt  perhaps  to  call  attention 
to  the  fact  that  the  device,  from  my  jtersonal  knowledge,  reduces 
to  a  very  considerable  extent  the  trouble  referred  to  by  Mr. 
Foster  in  paragraph  7  that — '■  Water  is  a  disturbing  element  in 
steam  engines  and  pipes  at  all  times.  It  increases  the  friction 
of  the  wearing  surfaces,  interferes  ivith  the  lubrication,  and 
chokes  up  the  discharge;  it  produces  une(|ual  strains  in  the 
metal,  due  to  different  temperature,  and  often  gives  leaks  at 
joints  which  remain  perfectly  tight  under  dry  steam.  Dripping 
at  stuffing-boxes  is  also  avoided  iti  this  way." 

Prof.  W.  F.  M.  Gos8.~~-1\\e  use  of  superheated  steam  in  loco- 
motive service  appears  to  have  given  results  simitar  to  those 
obtained  by  the  use  of  su]>erheated  steam  in  other  classes  of 
steam-engine  service.  TJie  German  locomotive  to  which  refer- 
ence  has  been  made  is  a  simple  engine  fitted  with  a  very  efficient 
superheater.  It  is  my  understanding  that  this  engine  gives  sub- 
stantially the  same  steam  efficiency  as  the  better  class  of  German 
two-cylinder  compounds.  I  understand,  also,  that  the  experi- 
ence with  this  particular  engine  has  not  yet  advanced  to  a  point 
where  they  have  ceased  to  have  trouble  in  keeping  their  super- 
heaters tight. 

The  general  subject  which  is  presented  by  the  papers  is  of  very 
great  interest,  and  the  pajiers  themselves  present  an  excellent  sum- 
mary of  the  facts  involved.  It  does  not  seem  to  me,  however, 
that  a  disclosure  of  these  facts  constitutes  a  startling  revelation, 
I  do  not  think  that  tlie  American  engineer  has  been  caught  nap- 
ping, lie  has  for  many  j-ears  appreciated  the  very  great  advan- 
tage which  is  to  be  derived  from  the  use  of  superheated  steaiu, 
but  he  has  ni>t  been  blin<l  to  the  difficulties  to  be  eucountei-etl 
when  it  is  attempted  to  make  tJiese  advantages  a\'a,ilable  in  the 
routine  of  evcry-day  service.  He  has  generally  preferred  to  im- 
prove engine  efficiency  by  the  use  of  niulti -cylinders  rather  than 
by  the  adoptii>n  of  su]>erhcate<l  steam  with  a  fewer  number  of 
cylinders.  In  doing  this  he  has  followed  lines  of  least  i-esist- 
ance.  He  has  gotten  his  results,  and  has  had  few  difficulties 
with  which  to  contend.  The  subject  is  a  live  one,  and  will  con- 
tinue to  be  so.     As  matt(M's  now  stand,  I  do  not  believe  that 


950  SUPERHEATED  STEAM. 

there  are  many  engine  plants  in  Germany  or  elsewhere  using 
highly  heated  superheated  steam  which  are  making  money  for 
their  owners  because  they  use  superheated  steam. 

Mr.  Storm  Buff. — I  am  very  much  interested  in  this  gabject 
and  have  been  for  ye^irs.  I  suppose  it  is  true,  as  the  last  speaker 
has  said,  that  American  engineers  have  not  been  unaware  of  the 
fact  that  by  tlie  use  of  superheated  steam,  if  it  could  be  practi- 
cally used,  better  economy  might  be  obtained.  The  fact  is, 
nevertheless,  that  practically  no  work  has  as  yet  been  done  along 
that  line  in  this  country.  Consequently,  I  think  we  had  better 
admit  frankly  that  we  have,  as  the  paper  states,  neglected  the 
subject.  We  have  neglected  it,  and  I  think  it  is  high  time  that 
we  take  it  up.  The  increase  in  economy  which  we  have  obtained 
in  our  engines  by  other  means — by  compounding,  jacketing,  and 
so  on,  has  been  very  great;  but  in  addition  to  that  we  can  get 
still  higher  economy  by  the  use  of  superheated  steam,  as  has 
been  shown  conclusively  by  a  number  of  experiments  and  tests 
in  Euro})e.  Therefore,  it  is  not  the  choice,  I  should  say,  be- 
tween compounding  and  superheated  steam.  It  is  simply  a  ques- 
tion of  adding,  by  the  use  of  su|)erheated  steam,  still  farther  to 
the  economy  already  obtained  by  compounding.  The  practical 
question  of  the  durability  of  the  superheaters  must,  of  course,  be 
carefully  considered,  but  from  the  exj^erience  gained  in  Europe, 
it  seems  that  all  such  ditficulties  have  now  been  fairly  overcome, 
as  well  as  the  difficulties  of  lubrication  which,  in  former  years, 
made  the  use  of  su})erheated  steam  almost  impossible.  As  soon 
as  American  engineers  in  general  realize  that  such  good  resolts 
can  be  obtaineil  by  the  use  of  su{>erheated  steam,  I  am  folly 
convinced  that  it  will  be  very  generally  used. 

Mr.  (\  G.  Y.  lihiff. — In  tlie  Commonwealth  Electric  Plant, 
at  Fifty -sixth  and  Wallace  streets,  at  the  South  End  of  Chicago, 
there  are  four  boilei*s  of  4()0  horse-power  units,  equipped  with 
superheaters.  The  occasion  has  not  yet  arisen  in  which  they 
cun  be  tested.  Two  more  boilers  of  the  Babcock  &  Wilcox  type 
are  at  present  l)eing  instiilliHl,  and  they  are  going  to  be  very 
tlioroughly  tested  this  suiniuer.  Two  engines  of  1,000  and  400 
kilowatts  have  been  installed  m  tliat  plant,  and  are  now  nm- 
ning,  and  at  present  another  is  being  installed;  when  that  third 
engine  is  completed  very  exhaustive  tests  are  going  to  be  made 
of  all  of  them,  with  and  without  superheated  steam  in  aU  its 
phases. 
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The  Soathwark  Foundry  ami  Machine  Company,  in  Phila- 
delphia, are  experimenting  now  with  it.  They  have  four  boilers, 
and  the  battery  and  the  8ui>erheater  are  built  separate  from  the 
battery  of  boilers  and  he-ated  by  a  slow  coal  fire,  using  only 
about  ten  shovelfuls  of  coal  in  a  day's  run.  They  have  been 
able  to  shut  down  one  of  their  boilers;  but  they  are  not  reatly 
yet  to  give  information  to  the  public,  though  they  expect  to  be 
shortly. 

Mr.  George  If.  Candy. — Following  tlie  line  of  thought  just 
expressed,  I  might  state  that  I  know  of  a  mUl  near  AVilmington, 
Del.,  where  they  desired  to  carry  their  steam  a  long  distance 
from  the  boilers,  and,  of  course,  there  is  naturally  more  or  less 
condensation  through  the  length  of  pipe,  although  it  is  well 
insulated.  They  intnjduced  at  a  convenient  place  on  the  pipe 
a  superheater,  whicli  was  practically  about  the  same  as  a  verti- 
cal boiler,  but  having  only  a  very  small  amount  of  fire  in  it,  and 
succeeded  in  drying  the  steam  and  slightly  superheating  it  with 
very  gratifying  results.  The  steam  was  then  passed  on  to  the 
place  where  they  desii-eil  to  use  it.  They  claim  that  the  small 
amount  of  fire,  drying  and  superheating  the  steam,  produces 
very  good  results. 

I  do  not  know  whether  or  not  any  definite  tests  were  made  of 
the  relative  efficiency  with  and  without  the  superheater,  every- 
thing considered;  but  it  was  used  at  mills  where  they  go  into 
such  things  very  minutely,  and  usually  make  their  own  tests. 

In  regard  to  this  question  of  sujjerheate^l  steam,  I  remember 
that  on  one  occasion  some  one  wanted  them  to  try  a  steam 
superheater  over  t!io  bridge  wall,  introducing  steam  over  the 
fire.  The  mill-owner  made  his  own  teats,  and  I  think  in  that 
particular  instance  the  plan  did  not  prove  to  be  much  of  a  suc- 
cess. Whether  the  failure  was  due  to  the  peculiar  conditions 
existing  in  his  plant  or  not,  I  do  not  know;  but,  in  other  cases, 
I  believe  it  has  been  quite  highly  recommended. 

Prof.  Charffx  L.  \\'eU.—\  woukl  like  to  ask  the  last  speaker 
whether  I  understood  him  correctly  as  saying  that  the  super- 
heating was  done  at  that  point  in  the  line  where  the  steam  was 
used? 

Mr.  Cmrdy. — Yfs.  sir.  They  had  a  large  battery  of  boilers, 
and  a  great  deal  of  steam  was  used  close  to  the  boilers;  but  in 
the  instance  where  tlur  steam  was  superheated,  it  was  done  after 
the  steam  had  travelled,  I  should  say,  about  600  feet  from  the 
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boilers.  A  superheater  was  installed  and  gave  very  good  resaltBi 
not  superheating  all  the  steam  produced  by  the  plant,  but  simply 
that  which  was  carried  to  this  isolated  place.  I  had  nothing  to 
do  with  the  arrangement,  and  am  simply  giving  hearsay  infor- 
mation about  it.  I  understand  it  was  on  certain  apparatus 
where  it  w^is  particularly  desirable  that  they  should  have  espe- 
cially dry  steam — more  particularly  so  than  with  the  majority 
of  their  work ;  and,  in  order  to  get  it,  especially  at  this  distance 
from  the  boiler,  they  simply  introduced  a  small  vertical  boiler 
and  heated  the  steam,  producing  the  desired  effect. 

Mr,  William  A.  Bole. — I  think  it  can  safely  be  stated  that 
superheated  steam  is  a  strictly  perishable  article,  and  will  not 
keep  well  while  being  transported  long  distances  ;  therefore  there 
would  seem  to  be  some  wisdom  in  a  system  which  will  superheat 
the  steam  immediately  before  it  enters  the  engine  in  which  it  is 
to  be  employed.  Even  when  the  pipes  are  covered  with  the  best 
of  non-conductors,  it  is  difficult  to  maintain  a  superheat  obtained 
near  the  boilers  when  the  steam  must  be  conveyed  to  ftTigines  at 
any  distance. 

I  think  that  the  more  general  introduction  of  superheated 
steam  is  almost  wholly  a  matter  of  proper  apparatus,  and, 
as  in  other  cases,  this  particular  feature  of  engineering  will 
obtain  a  stimulus  by  some  manufacturer  actually  putting  upon 
the  market  a  practical  and  easily  operated  appliance  for  the 
purpose. 

Something  like  a  dozen  years  ago  I  personally  made  some 
ex])eriments  on  superheated  steam  at  the  works  of  the  Westing- 
house  Machine  Company,  in  Pittsburg,  which  did  not  amount 
to  mucli,  except  for  personal  interest  and  the  few  isolated  facts 
which  were  developed.  In  this  apparatus  I  used  natural  gas  as 
a  sui)erheating  agent  by  running  a  line  of  gas  pipe  undemeath 
the  steam-supply  pipe,  and  burning  the  gas  in"  the  manner  of 
foot-lights  whoso  flame  impinged  upon  the  steam  pipe.  This 
ap})lication  was  made  us  close  as  possible  to  the  engine,  and  I 
succeeded  in  superheating  the  steam  to  an  extent  of  possibly  100 
degrees  Fahr.  above  the  normal.  The  effect  upon  the  steam 
consumption  of  the  engine  was  very  marked,  particularly  in  the 
case  of  light  loads.  The  engine  employed  was  of  about  50  horse- 
])ower,  and  the  most  noticeable  reduction  in  steam  consumption 
was  shown  to  be  as  much  as  15  per  cent.,  due  to  the  use  of  super- 
heated steam,  the  gain  falling  off  in  terms  of  percentage  aa  the 
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load  became  heavier,  due  to  the  "nsufflciency  of  the  apparatus 
for  larger  hoi-ae- powers. 

The  use  of  superheated  steam  involves  certain  difficulties  which 
must  not  be  overlooked,  for  in  these  tests  we  succetfdetl  in  burn- 
ing out  gaskets,  aud  even  destroyed  some  of  tlie  valves  having 
soft  metal  seats,  these  valves  being  located  in  tiio  steiim  line 
Itetween  the  superheater  and  the  engine.  One  of  the  difficulties 
which  may  be  experienced  in  such  an  application  would  be  that 
of  regulating  the  quantity  of  heat  applied  to  meet  the  varying 
condition  of  loads  in  the  engine  itself— fluctuations  from  heavy 
loads  to  light  and  the  reverse  are  frequent  and  severe;  and  a  de- 
Tice  intended  to  superheat  steam  for  such  service  would  have  to 
be  very  flexible  in  its  application,  and  eapablo  of  rapid  modifica- 
tions to  suit  sucli  a  condition. 

Certain  features  of  engine  design  will  doubtless  become  com- 
pulsory, and  the  use  of  sliding  valves  or  rolling  valves,  such  as 
the  Corliss  type,  may  have  to  be  discarded,  owing  to  the  diffi- 
culty of  lubricating  them  for  steam  with  a  high  degree  of  super- 
heat. 

In  the  turbine  engine  it  is  expected  that  superheated  steam 
«'ill  be  of  very  great  advantage,  and  in  this  tyiie  of  construction 
the  objections  incident  to  lubrication  of  valves  and  other  parts 
will  be  eUminatetl.  There  should  be  much  less  objection  to  em- 
ploying superbeatetl  steam  in  the  turbine  than  in  the  case  of  the 
reciprocating  engine. 

2fi:  Khiij. — T  would  like  to  make  an  addition  to  Mr.  Foster's 
paper  in  paragraph  13,  where  he  says  that  the  Babcock  ifc  Wil- 
cox Company  mako  a  simple  and  ingeniously  arranged  super- 
heater of  this  tj'pe,  consisting  of  two  cast-iron  headers  set  paral- 
lel and  adjacent  to  each  other,  with  openings  facing  in  the  same 
direction.  The  addition  I  would  make  is  this,  that  now  they 
are  makinfj  tliose  headers  of  steel  instead  of  cast  iron. 

J/>,  /•.'/■ii''s/  If.  FmtiT* — In  connection  mth  the  remarks  of 
Mr.  Weil,  it  is  imdoubtedly  beneficial  to  sufierheat  at  the  boilers 
before  entei'ing  a  long  st«am  line,  because  condensation  is  thereby 
diminished  as  well  as  leakage  at  tlie  joints  of  the  pipe  and  fric- 
tion in  passing  through  it.  Prof.  Storm  Bull  sjwaks  of  super- 
heaters as  being  short-livefl.  The  author  believes  that  super- 
ieaters  are  now  maile  with  satisfactory  lasting  qualities. 

*  AiLl.hor's  clu?iiri'.  uiidrr  Ihu  Rules. 
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There  is  one  point  in  connection  with  suptf  heating  which  I 
faikd  to  mention  in  the  paper,  and  that  is  in  ocmiiectioB  wiA 
TfUSAxn  tarbines.  The  Societv  mav  be  familiar  with  aome  of  the 
Hteps  which  have  been  taken  in  this  direction  reoenllT.  Of 
coarse,  it  has  not  Vjeen  generaL  but  there  have  been  one  or  two 
notable  examples  of  steam  tarbines  constructed  f<Mr  a  luge 
power,  and  so  far  the  indications  seem  to  be  that  a  Tety  large 
saving  in  f ael  is  to  be  obtained  bv  nsing  superheated  steam  in 
steam  tarbines.  It  mar  be  that  this  will  prove  a  better  fidd  for 
the  ose  of  saperheated  steam  than  the  ordinarr  steam  engine, 
granting  that  this  is  also  a  very  good  field.  I  am  in  hopes  that 
before  the  next  meeting  of  the  Society  there  will  have  been  some 
very  conclusive  experiments  made  on  a  large  scale  in  this  direc- 
tion, and,  if  possible,  I  shall  try  to  get  the  figures  for  the  beneiit 
of  members. 
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DETEnMIKATION  OF  FLYWHEELS  TO  SEEP  THE 
ANGULAR  VARIATION-  OF  AN  ENGINE  WITHIN 
A  FIXED   LIMIT. 


(Junior  Member  or  the  Sociatj.) 

The  purpose  of  a  flywheel,  atttiched  to  an  engine,  is  to  main- 
tain a  certain  degree  of  isochronism  of  rotation.  The  diatarb- 
ing  eleraeiits  are  the  engine  impulses  and  variations  of  loa^il. 
Absolute  uniformity  o(  rotative  speed,  however  desirable  it 
may  be  in  many  cases,  can  never  be  obtaiuetL  Considering  one 
Bingle  revolution,  the  engines  of  the  turbina  type,  working  under 
a  steady  load,  come  very  close  to  perfection  in  this  respect, 
but  it  is,  on  the  other  hand,  well  known  that  these  engines  leave 
much  to  be  desired  iu  regard  to  regulation  during  a  longer  run 
and  with  a  fluctuating  load.  Here  the  ordinary  steam  engine 
only,  with  recijjroeating  parts,  will  bo  treated,  where  a  certain 
angnlar  variation  always  must  exist.  But  the  amount  of  varia- 
tion can,  by  meaos  of  a  flywheel  possessing  a  sufficient  amount 
of  inertia,  be  reduced  li>  almost  any  desired  degree. 

It  is  necessary  in  many  cases,  not  only  that  the  number  of 
revolntious  per  unit  of  time  should  be  as  constant  as  possible, 
under  varying  conditions  of  load,  but  also  that  the  variation  of 
speed  during  any  one  single  revolution  of  the  engine  should  not 
exceed  a  certain  narrow  limit,  depending  upon  the  requirements 
of  each  case.  And  it  may  also  be  needed  to  know  the  effect  of 
the  speed  variation  allowed,  or  the  angular  variation  resulting 
therefrom,  from  which,  further,  the  displacement  of  a  point  in 
connection  with  a  revolving  part  of  the  engine  can  be  deter- 
mined. As  a  point  of  this  kind  the  centre  of  crank  pin  may 
be  conveuieetly  chosen.  In  tiia  following,  all  acting  forces  will 
be  reduced  to  thin  point,  the  acceleration,  speed,  and  displace- 
ment of  which  will  be  considered  as  representing  the   condition 

•  Presented  at  ihp  Mllwoiikpe  me-'tinp  (Mbj,  11H)11  ot  the  Ameriam  Society  of 
Meclisnical  EnKincpra,  and  Funning  part  or  Volume  XXII.  of  Ihe  l^ariMirXiont, 
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of  the  engine,  and  au  attempt  will  be  made  to  indicate  a  metiliod 
bv  which  the  regulatin*^  capacity  of  a  flywheel  upon  the  motion 
of  an  engine  may  be  positiyely  determined.  Some  attention 
also  will  be  ^yen  to  the  influence  of  choosing  other  crank  an^es 
for  compound  en<^nes  than  those  found  in  general  practice. 

The  ]>eriod  here  to  be  inyestigated  will  be  limited  to  one  xev- 
olution,  but  it  may.  if  the  yariation  of  load  and  the  regohiting 
action  of  the  engine  are  known,  be  extended  to  a  number  61 
successive  revolutions. 

Lot  the  first  proposition  be  to  determine,  for  a  single-cylinder, 
<louble-acting  condensing  engine,  developing  a  given  nnmber  of 
horse-powers  at  a  certain  speed,  a  flywheel,  snch  that  the  dis- 
placement of  crank  pin  during  one  revolution  becomes  limited  to 
a  fixed  quantity.  The  principal  thing  needed  is,  as  in  all  fly- 
wheel calculations,  a  curve,  representing  the  variable  force  ex- 
erted on  the  crank  pin  during  that  period  in  the  direction  of  its 
motion,  or  the  rotative  effect  of  the  engine. 

The  following  are  the  factors  with  influence  upon  the  rotative 
effect : 

A — The  effective  steam  pressure  upon  the  piston. 

Ij — The  inertia  of  the  reciprocating  masses. 

C — The  weight  of  the  reciprocating  parts  (in  horizontal  en- 
gines of  the  connecting  rod  only  . 

D — The  weight  of  crank  pin  and  unbalanced  part  of  crank. 

E — The  throw  of  the  connecting  rod. 

A. — T/te  rotatire  rfect  ttf  the  steam pressfure. 

Let  the  following  be  the  notation  of  Fig.  395 : 
^- space  covered   by  the  pist(^n  at  a  certain  instance  figured 

from  that  end  of  the  stroke  from  which  it  moves. 
a;=the  crank  angle  corresponding  to  ^,  figured  from  0  to  180 

degrees,  starting  from  each  dead  centre  position. 
/if = the  crank  radius. 
/i=the  length  of  connecting  rod. 
The  position  of  the  j)iston  is  then  given  by  the  equation^ 

.<?  =  T{ ^\  —  cos  (o  ±      y  sin* Gj)     •    .     •     .    (1) 

Tlie  u])])er  sign  ( +  ms  for  points  of  the  stroke  towards  the 
shaft,  or  the  forward  strok»' ;  the  lower  sign  (— -)  for  pointa  of  the 
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backward  stroke.     This  formula  ia  approximated,  but  tbe  error 
m  very  Bmall. 

The  circumference  of  the  crank-piu  circle  ia  divided  into  a 
number  of  equal  parts.     Twenty  parts  have  been  fonnd  to  be 


sufficiently  many,  giving  accurate  results  without  rendering  the 
subsequent  operations  too  cumbersome.  This  division  corre- 
sponds to  points  on  the  crank-pin  circle  18  degrees  apart.     For 
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tie  sake  of  convenience  the  points  may  be  c^led  by  numbers 
from  0  to  20.     On  the  steam  card  of  the  engine  (actual  or  tbi 
reticali  ordiiiat^s  nrp  drawn  indicating  the  positions  of  the  pis- 
ton torresiioudinj;  to  these  points  (Fig.  396). 
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The  total  effectiTe  steam  presaare  P  on  the  piston  is  calcalatod 
in  each  point.     Let,  further  (see  Fig.  395), 
A  =  the  niigle  enclosed  between  the  centre  lines  of  the  engine 

and  thu  oounecting  ro<l ; 
7*=  the  effort  on  the  crank  pin  in  the  direction  of  its  motion, 
due  to  P. 
The  relation  between  P  and  T  will  then  be  expressed  by  the 
e(iH»tion — 

r  =  "'"'"*''xP (S) 


The  doable  sign  ie  to  be  read  as  in  equation  (1).     Bj  this 
equation  the  pre>Biire  on  the  piston  in  each  point  is  traosferied 
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to  the  crank  pin,  and  Table  I,  t^ves  the  values  of  T  tor  P=l 
and  for  live  cnianion  ratios  between  L  and  U, 

On  a  straif^lit  Hue  f^M'  (Fig.  397i,  representing  the  rectified 
crank-pin  lircle,  i>rdiiiate8  are  raised  through  points,  corte- 
H])ondii:g  to  tlie  division  made,  and  on  these  ordin^tea  the 
valiif  s  of  7  fire  niarkod  off. 

The  eiine  no  obtained  represents  the  rotative  effect  due  to  the 
Ktt'.iim  jiresMurc,  and  the  area  enclosed  by  ^"S^  the  ordiDates  aXO 
!Hid  .'^  and  the  curve  the  work  done  Therefore,  the  accnraey  of 
the  piocpediijg  and  of  tlio  curve  can  Ixr  cheeked  by  getting  the 
mean  trffort  T„,  which  niust  HatiKfy  the  equation — 


aSIKMl       .V 


UEIERMINATION   UF   KLV WHEEU*.  !I69 

where 

N  =  number  of  indicated  horse-powers  developed  by  the  engine, 

and 
It  =  number  of  revolutions  per  minute. 

J?. — fnlfuence  of  (he  inertia  of  the  recIj»-ocat,i7iff  masseii  upon  the 
rotative  effect. 
In  addition  to  the  notation  already  used,  let 
G  =  weight  of  all  the  reciprocating  parts  (piston  and  piston  rod. 

crosahead  and  ( connecting  rod*) ; 
«  =  the  variable  velocitj'  of  the  piston; 
V  —  the  mean  velocity  of  the  crank  pin  =  ; 

t  —  the  time  needed  by  the  piston  to  cover  the  space  »,  figured 
from  the  moment  the  crant  pin  passed  the  previous  deail- 
point,  and 
a  ~  tliB  acceleration  of  the  piston  at  the  time  t 
Equation  (1)  gave 

^  =  rt  (1  -  COS  (ij  ±  ij  -    am'  !.>), 
from  which  by  differentiation 


^\U' 


~  R  {sin 
But,  Hflw  =  vd(,  or  -^  =  -=, 

and  consequently,  ,   -  ,    ^  ^  ^    a     \ 

Since,  further,  _  du 

"  ~  (TT' 
the  ai-celemtiiui  of  the  piston  becomes 

,(  ~  I!  (cos  ai  ±  —  COS  3  m)  -i", 

and  by  Hubstitutinc  thf  value  of  -,. ,  as  above, 
"  lit 

•  I    =    ,,|C08  {<»  ±  >  C( 

If  /.'  L 

P„  —  the  force  received  to  give  lo  the  reciprocating  masses  the 
acceleration  ",  and 

'(.'uni|isre  Station  E.  page  060. 
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g  =  the  acceleration  dae  to  the  force  of  gravkj,  ihen 


Pa  = 


R 


v»(co8  (w  ±  >  cos  2  co) 
g  R  L  ^ 


TABLE  I. 


(«) 


g  ^- 

Value*  op  T. 

H 

^^  5 

L^\R 

/.  =  x\R 

L  =  bn 

»tt4 

L  =  ^R 

X»6A 

0 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

90 

1 

0.38^78 

0.37592 

0.86894 

0.86831 

0.86866 

18 

2 

0.70?J9 

0.6U437 

0.68355 

0.67480 

0.66789 

18 

8 

0.93087 

0.9164<) 

0.90602 

0.89642 

0.88896 

17 

4 

1.02687 

1.01782 

1.01088 

1.00581 

1.00086 

16 

5 

1.00000 

l.OOOCO 

1.00000 

1.00000 

1.00000 

15 

6 

0.87535 

0.88430 

0.89124 

0.89681 

0.88M6 

14 

7 

0.6•^767 

0  70158 

0.71202 

0.72161 

0.72801 

18 

8 

0.46769 

0.48123 

'      0.49245 

0.50080 

0.50816 

12 

9 

0.23526 

0.24212 

0.24910 

0.25469 

0.26888 

11 

10 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

10 

Here  it  is  again  convenient  to  have  the  values  of  the  quantity 
inside  the  bracket  tabulated,  and  Table  II.  below  gives  these 
values  for  the  five  ratios  ol  R  io  L  used  before. 


TABLE  II. 

1     M 

S  j< 

—  ^    = 

h 

Zr  =  4// 

A  =  4*  A* 

L  =  5/; 

L  =  6kli 

LtxUt 

0 

Tl.*^*5<'(H) 

T 1 . 22222 

'   Tl. 20000 

Tl. 16182 

71.18687 

0 

1 

l.lo:J81 

1.18088 

1.11286 

1.09815 

1.06588 

1 

2 

0  S'-ejT 

0.87700 

!      0.87082 

0.86520 

0.88068 

8 

H 

0.51054 

0.51912 

0.52599 

0.53161 

0.68689 

8 

4 

0.10077 

0.12925 

0.14722 

0.16193 

0.17418 

4 

5 

-0.250(M) 

-0.22J22 

-  0  20000 

-0.18182 

-0.18687 

6 

6 

-0.51127 

-0.48S79 

-0.47082 

-0.45611 

-0.44886 

8 

7 

-0.66504 

-0.65<i46 

-0.649r>9 

-0.64397 

-0.88888 

7 

8 

-0.73177* 

-0.74085 

-0.74722 

-0.75284 

—0.76788 

8 

9 

-0.74881 

-0.77129 

-0.78920 

-0.80897 

-0.81688 

8 

10 

qp  0.75000 

TO.  77778 

T0.80W0 

qpo. 81818 

T0.88888 

10 

11 

0.74^81 

0.77129 

0.78926 

0.80397 

0.81688 

11 

12 

0.78177 

0.74085 

0.74722 

0.76i84 

0.78708 

18 

18 

0.6^;504 

0.65G40 

0.64959 

0.64397 

0.88888 

18 

14 

0.51  lr>7 

0.48S79 

0.47082 

0.45611 

0.44880 

14 

15 

0.2.W00 

0.22222 

0.20000 

0.18182 

0.18867 

16 

10 

-0.10677 

-0.12JJ25 

-0.14722 

-0.16193 

-0.17418 

li 

17 

-0.51054 

-0.51912 

-0.52599 

-0.53161 

—0.68888 

17 

18 

-0.88627 

-0  877<{y 

-0.87082 

-0.86520 

-0.88008 

18 

19 

-i.Lwai 

-1.180S8 

-1.11280 

-1.09816 

-1.08088 

18 

20 

T 1 .  250(K) 

T1.2J222 

5:1.20000 

T 1.18182 

7l.li8ir 
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The  factor 


Ji 


i  constant  for  a  certain  t 


at  a  given  speed.  The  values  -f  „,  in  onler  to  become  transferred 
to  the  crank  pin  as  effort  at  li^ht  anf^les  to  the  rudius  will  have 
to  be  multiplied  by  the  coefficients  of  Table  I.     If 


K  _.  sin  C"  ±  ^)  ^ 
cos  A 


(cos  (''  ±  y  COS  2  a 


then  the  effort  on  the  crank  pin  due  to  the  inertia  of  the  recipro- 
cating masses  is 

''.  =  ^'<f  5 (^) 

Table  III.  gives  the  values  of  K. 


The  curve  representing  T,,  is  called  the  inertia  cnr\'e,  and  its 
gener  il  shape  is  shown  by  Fig,  398. 

Comparing  Fig.  nm  with  Fig.  397,  we  find  that  the  ii 
of  the  reciprocating  masses  is  a  beneficial  oue,  siuce  it  tends  to 
equalize  the  effect  of  the  difference  between  the  steam  pressn. 
during  the  earlier  and  the  later  partot  the  stroke,  especially  ia 
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engines  with  a  moderate  speed  and  an  eatlj  point  of  oot-oft 
But  it  often  Iiappeua  that  the  flpeed  of  an  engine  is  bo  hif^ 
that  the  steam  pressure  daring  a  great  part  of  the  stroke  is  iiH 
sufficient  to  produce  an  acceleration  of  the  reciprocating  masaSa 
corresponding  to  this  speed,  in  which  case  the  flywheel  has  to 
drag  them  along,  and  the  bulk  of  the  work  done  ia  thrown  ora 
upon  the  latter  part  of  the  strolie,  producing  great  strains  in 
the  working  parts  of  the  engine,  irregularities  of  motion,  shocka 
when  the  pressure  on  the  crosshead  and  crank  pins  does  not 
change  direction  at  the  proper  places,  and  so  on.     High  initial 


y 

^ 

-N 

1 

2 

B    1 

«     U     U     IT     18     U     » 

\ 

- 

/ 

- 

steam  pressure  and  a  sufficient  amount  of  compression  besides 
a  minimnm  weight  of  the  reciprocating  parts  is,  in  this  respee^ 
to  he  recommended  fur  high-speed  engines. 

V. — fnli-ueiine  <.f  v^lijht  of  the  tec^ocating  porta  itpon  tAs  rota- 
tive effft. 

Id  vertical  engines  the  weight  of  the  piston,  piston  rod,  and 
croHsbeoil  acts  tlie  same  as  an  equal  amount  of  steam  presBOze, 
adding  to  the  work  dune  during  the  downward  stroke  and  sub- 
tracting fmm  thiit  of  the  upstroke.  This  action  may  be  ao- 
counted  for  hy  a<lding  anil  subtr.icting  respeotirelj  a  oonea- 
ponding  amount  to  ati<i  from  tbe  effective  steam  preasiire  /*  a> 
measured  from  Pig,  89(i. 

In  a  liorizontal  engine  tlie  dead  weight  of  these  parte  is  of  no 
eouHC>|uence.  Remainr-i  the  influence  of  the  oonneoting  nd, 
which  is  different  in  viirtical  and  in  horizontal  e 

Ixst  in  a  vertical  piigine 
Gg  --  thu  weight  of  the  connoctiiig  rod ; 

I     —  the  distance  from   the  centre  of  crosshead  pin  to  eantn 
of  gravity  of  connecting  rod  ; 
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Ni  =  the  vertical,  and 

S  =  the  horizontal  component  ot  t 

due  to  Oc ,  and 
Nt  =  the  pressure  on  the  guide, 
fi",,  fi,iri,8ndir,(Fig.£ 


one  plane  which  are  in  equilibrium.  Therefore,  bj  projectii^ 
and  taking  the  moments,  considering  the  centre  of  crank  pin  as 
a  fulcrum,  we  have  : 

\  N^-  Gc  =  0, 
and  N..L  caaX  -  G^{L  -  tjaiaX  =  0, 

which  gives  n  _   n  (^  '\ 


"-"'('-D*'- 


The  influence  u])on  the  rotative  effect  of  W,  may  be  Nr. 
of  //may  be  //j-.     Tlien  we  will  have — 
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21t-NiCx>b  (90"  -  m) 

=  Gg  sin  &>, 
//j-  =  fl  COB  <w 

=   G,  (l  -  y)  ^X  COB  M. 

Let,  furtlier,  the  total  influence  of  O,  be  Ot*  then 
Gr^Nr  +  Hr 

=  0„[wna>  +  (l  ~^tgXeoa<a].     .     .     .    ^ 

For  practical  pur)x>8e8  tbe  second  term  inmde  &o  bnoket  eaa 
be  neglected  as  beiug  very  Hinall,  becanse  at  tiie  two  pointi, 
corresponding  to  a>  =  90°  and  270°,  vhere  iff  X  has  its  greateBt 

value  =  ^  oi  ~  ^ )     >  there  cos  (a  ==  o,  and  Cr  =  ^a-    Equation 

(8 1  therefore  may  be  substituted  by  eqnatum  (8a) : 

Gt=  e.sinw (8a) 

The  curve  representing  Gr  has  an  appearance  shown  bj 
Fig.  400. 

Since,  in  a  horizontal  engine,  due  to  the  sliding  oontaot  be- 
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Tmril  i 


tweeii  <-russlii-.iil  niid  guide,  no  horizontal  strains  can  be  o 

hy  tlu'  weight  of  the  coimeoting  rod,  and  J-',  ia  taken  up  by  Qm  - 

guide,  the  only  factor  left  is  -A',  (Fig.  401). 


Ni  -.  I  (?,. 


;<4aS^m 
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By  resolving  iVi  into  two  components,  one  along  the  crank 
radina,  the  other  at  right  angles  to  the  same,  the  infiuence  of 


dead  weight  of  connecting  rod  upon  the  rotative  effect  in  a  hori- 
zontal engine  becomes  represented  by  the  equation — 
I 


Gt  = 


',-  G^  cos  CO  . 


(9) 


The  general  appearance  of  the  corresponding  curve  is  shown 
by  Fig.  402. 
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D.—hijlifnrc  I'f  wifj/it  nf  crank  pin  and  unhxlant-eil  jmH  of  cran}^ 
vj>o7t  the  rotative  effect. 

If  the  wpiglit  of  tliese  parts  is  /?, ,  the  point  of  application  of 
which  is  on  a  distance  r  from  centre  of  shaft,  the  effort  on  the 
crank  pin  due  to  Gg  is 

r.  = -^ /?„  cfis  w (10) 
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for  Iiorizoutal,  and 

R 


To  ^  j^  Go  sf'n  t!j (11) 


for  Tertieal  engines.  The  corresponding  cnrres  have  a  shape 
similar  to  those  of  Figs.  -LOi  and  400  respectiTelj.  The  Tallies 
of  1\  are  generally  small,  and  this  factor  can  therefore  often  be 
neglected,  or  a  corresponding  amount  mar  be  added  io  G^  in 
equations  {9)  and  ,8ci)  respectively. 

F, —  n<'  irtrfiUfHvorthnncofcynfwrthiff  rodvpon  the roiaiire effect. 

Among  the  motions  wliich  have  to  be  dealt  with  in  the  steam 
engine,  that  of  the  connecting  rod  is  by  far  the  most  complicated. 
The  force  of  inertia  of  the  nxl  due  to  its  motion  has  in  many 
cases  a  considerable  influence  upon  the  rotatiTe  effsct.  In 
order  to  approximately  account  for  this  factor,  different  irritarB 
have  recommended  different  methods,  but  in  most  cases  it  is 
simply  proposed  to  add  a  part  varying  from  one-half  to  the 
whole  of  the  mass  of  the  nxl  to  that  of  the  reciprocating  parts. 
But  thereby  no  allowance  h:is  been  made  for  the  swinging 
motion  or  the  thn^w.  When,  a^ain,  the  subject  is  treated  ex- 
haustively, it  often  Woomes  so  lengthy  that  its  Talne  for  practi- 
cal application  is  much  reduced.  The  writer  therefore  proposes 
to  use  the  followir.^  meihixl.  which,  besides  being  shoirt,  also 
iH^ssesses  the  avlvantaire  of  acouracv. 

The  motion  of  the  connecting:  nxl  is  divided  into  two  com- 
iv^'-irv.ts.  lu  :lio  £r>t  'ol;ioe  the  rovi  is  considered  as  an  extension 
:i  ::.:-  :  :>:ou  r>.i.  ::avii:^  ::. .  si  le  norio::.  and  the  total  mass  of  it 
'!>  .,.:  u  I  : ;  : i-.^:  :'  :::e  r-  civr.v^it:::^  T>:ir:s,  as  was  done  aboTe: 
I::  :*;.•:  sv.vv.l  y*..iv-r.  :'::r  r: .:  :s  o-r^^iirreA  as  a  {iN&iidnlnm,  swi^g^ 
i-^iT  sVo".::  :..=:  :t.  >>':.r:i :  y::.  r»s  a  £xr.:  *.vi-tn?.  The  JnHnemec  of 
:l:>  ::-..::-  i-^  :..>".:  :*..i:'f  :.  Tlirrebv  :he  lotal  inflnenee  of  tlie 
r M  :.AS  iv::.  .  :r.>:..rr:  .. 

Tv.  F:^.  4 O'^.  1: :  I .  J?.    .    .  ;:i:'..:  ^  siaz^I  for  the  sane  finsntitins 

;s<  *-.:>..  :^\  \  '.-'.     ".     ;.  :v„.:  ••   v-r  :r.r  ^.vaaes  of  oanik  pia, 

•       •  •    •     f  ■     • 

,  V   .  -  ^      ■'-.'     -'■         -■      •     ^       --»»_-^«  -^   ,  • .  Y  ^    Y" 

M  a 

r'To'c"^  "-". .  ."j  ."".  r.  .r  . '.  z '.-'■  r'.i'.".*.Ti>  j'j  ai  :h  rate  oca 
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/ 

/   \\[ 

1 .11,. 

^'    /vi- 

_T  j  ip.   ' 

/C1^)jS   >ii 

\u^i  Y^*;, 

per  second.     The  total  acceleration  of  C  i 


■which  is  always  directed  towards  0.      The  projectiou  of  a  upon 
the  diameter  AB  is 

which  also  is  the  total  acceleration  of  C,  since  C„  is  considered 
a  fixed  centre. 

If  the  connecting  rod  is  divided  into  a  number  of  parts,  and 
the  weight  of  one  of  tliese  parts  is  y„,  and  if,  further,  x  is  the 
distance  from  the  centre  of  gravity  of  the  part  considered  to  the 
centre  of  crosshead  pin,  this  part  of  the  rod  will  produce  a  force 


J 
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Pn  at  the  point  D  at  right  angles  to  the  centre  line  of  the  engine, 
and  we  haye 

^'-jis^'^ t^ 

where  g  is  the  acceleration  due  to  the  force  of  gravity.  P^  has 
a  component  Pi  at  the  crosshead  end  of  the  rod,  which  is  taken 
up  by  the  guide,  and  another  component  Po  acting  upon  the 
crank  pin. 


P  =  -^  P 


^       sin  CO. 


Po  is  resolved  into  two  components,  J^s  and  Pg  in  the  diieo- 
tions  of  the  crank  radius,  and  at  right  angles  to  the  same  respeo- 
tively.  Of  those,  /^j?  is  counterbalanced  by  an  equal  pressiue  on 
the  bearing  at  0,  and 

P|  =  Po  cos  CO 


If  we  introduce 


IB  /;r«Y 


=  0,0054775  „, 


P 


which  is  a  constant  for  a  certain  engine  miming  at  a  gitsn 
speed,  and  if  Pt-  is  the  total  influence  of  the  rod  upoia  the  rottr 
tive  effect,  we  will  have 

Pt  =  ^  (Pi) 

=  ksiii2oo  2^(a?  *^ K  or 

Py  =  i  sin  2  «  / (14) 

where  /  in  the  moment  of  inertia  of  the  rod  about  ihe  ftiia  ol 
the  crosshead  pin. 


DETERMINATION   OF   KLVWHEELS.  SfUS* 

By  calcnlating  the  valaes  of  Pf  we  get  a  curve,  shown  in 
Pig.  404. 

It  may  here  be  of  some  interest  Ui  notice  the  general  shape  of 
a  carre  representing  the  combined  effect  of  throw  and  dead- 
weight of  the  connecting  rod.  For  a  horizontal  engine  this  is 
sbown  by  Fig.  405,  and  for  a  vertical  engine  by  Fig.  406. 

By  the  addition  of  all  the  above  obtained  curves  we  get  the 
final  curve  of  rotative  effect  {Fig.  407  i.  The  mean  effort  T„  will 
again,  as  before,  check  the  correctness  of  the  calculations 
according  to  equation  (3),  becau8a  none  of  the  factors  which 
have  brought  about  a  chai^  of  shape  of  the  original  curve  of 
steam  effort  (Fig.  397)  has  added  to  or  subtracted  anything 
from  the  work  done  by  the  steam. 

The  Load  Curve. 

Besides  the  curve  of  effort  there  is  also  needed  a  load  curve, 
representing  the  total  load  to  be  overcome  bj  the  engine,  trans- 
ferred to  the  crank  pin.  The  total  load  ia  the  sum  of  tlie 
working  load  and  the  friction  load. 

Here,  as  above,  one  revolution  only  of  the  engine  will  be 
considered,  and  the  assumption  made  that  the  work  done 
during  that  revolution  is  the  same  and  done  in  the  same  way 
as  during  the  previous  and  the  successive  revolutions. 

In  the  c.Lse  of  an  engine  driving  a  centrifugal  pump,  a  fan, 
a  generator  of  electricity,  or  similar  apparatus  the  curve  of 
working  load  becomes  a  straight  line.  In  tlie  case  of  a  pumping 
engine  or  a  gas  compressor  engine  of  common  type,  the  curve  of 
working  load  is  designed  by  aid  of  equation  {2i.  In  the  former 
case  the  curve  will  be  similar  to  that  nf  steam  effort  of  an  engine 
taking  steam  full  stroke  ;  in  the  latter  ease  it  will  resemble  the 
reversed  curve  of  steam  effort  of  an  engine  with  a  cut-off. 

Also  the  shape  of  the  curve  of  friction  load  depends  upon  the 
style  of  engine.  The  friction  of  the  reciprocating  parts  will 
render  a  curve  according  to  equation  (2),  whereas  the  resistance 
of  the  flywheel  and  that  in  the  main  bearings  will  add  to  the 
load  curve  a  constant  amount.  In  a  pumping  engine,  for 
instance,  the  Imlk  of  the  friction  is  caused  by  the  reciprocating 
parts,  and  can  therefore,  by  being  added  to  the  pressure  on  the 
plunger,  conveniently  be  transferred  to  the  crank  pin  together 
with  the  working  load. 


970  llETERlirNATIOS   OF  FLYWBEELa 

01       t      (      4       a      •T89IOnUUMUNtrM»« 


S3      i      it      t      B      tlOIlUtUUlBUliaUM 


IS   u   u  It   n  u   N  I 


DETEHUINATIOS   OJ"   FLYWHEELS, 


aiBS4G0T8B 

0     11      13     U     H      IS     Ifl     IT     18     IB    SO 

./_.__.:!;: 

tljfff:^: 

Irttwitf"'^ 


972  UETEBHINATION   OF  FLTWHICBLa 

The  total  ainount  of  friction  is  genersUy  small,  and  the  dk- 
tarbance  of  shape  of  the  total  load  corre  oaosed  by  it  u  not 
large  enough  to  make  it  Deoessary,  generally,  to  go  Teiy  tu 
into  details,  especially  as  the  main  part  of  the  inflnenee  ii 
readily  accounted  for. 
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Fig.  410  shows  the  curves  of  effort  and  of  load  of  a  pumping 
engine.  In  F^;.  411  the  difference  between  the  two  has  been 
transferred  to  a  straight  line,  representing  the  mean  efibrt 
This  curve,  therefore,  gives  the  variation  of  effort  on  orank  pin 
during  one  revolution  of  the  engine,  and  from  the  same  the  Aj- 
wheel  can  be  determined. 


The  General  Method-  of  nrrivitnj  at  the  Flywhed  Dimentu 


Let  ■>;  as  before,  be  the  mean  velocity  of  crank  pin,  and  i  ths 
degree  of  irregularity  of  v,  so  that 


and  approximately 
These  eiiuationn  give 


ll  lif  jipnilH  ujioii  cireutii 
i-pc«ti'dl.v  foun<]  tliBt  tl 
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If  Faai  13  the  greatest  of  the  surfaces  enclosed  betweeu  the 
Tariatioa  curve  of  effort  and  the  load  curve  {AB  in  Fig.  407j, 
thus  representing  the  maximum  of  inertia  to  be  at  one  time 
stored  bj  (or,  it  the  surface  is  below  AB,  to  be  extracted  fromj 


the  flywheel,  and  M  is  the  sum  of  the  rotative  masses,  reduced 
to  the  crank  pin,  then 

W         _    n^  ''  mil   "  t^mln 


which  gives 


(15) 


The  work  done  by  the  engine  per  revolution  is 
If  we  write 

then  ip  is  a.  coefficient,  independent  of  the  work  done  by  the 
engine,  but  depending  only  upon  the  way  in  which  the  pressure 
on  the  crank  pin  is  distributed  during  one  revolution,  and  gives 


■  Suppose  a  cast;  representeJ  by  Fig,  408.  Tiie  greatent  surface  +  F,  is  fol- 
lowed by  a  oompiirativ(-ly  stijall  surface  —  F,,  after  wliich  comes  +  ^i.  If 
I  ,f ,  I  >  I  ^5  I  ,  llieji  belweeo  the  points  a  Bad  6  an  energy  represented  by 
{Fi  ^  Fi  ■¥  F:,)  lifld  been  slored  in  llie  flywheel,  whereas  aceordiog  lo  the 
general  method  only  F,  has  been  conaideted.  This  ehow^  auotlier  defect  of  Ibti 
method. 
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the  work  represented  by  Fj^mx  ^^  P^^  conts.  of  the  total  workF. 
Now 

33000"' 
and  consequently 

/;„„=-.  33000  f^ (16) 

n 

Combining  (15)  with  (16)  gives 

,^  o      33000  N  ^„^ 

By  choosing  a  value  for  S,  M  becomes  determined,  and  from 
M  the  dimensions  of  the  flywheel. 

Some  values  of  S,  taken  from  several  text-books,  will  be  given 
below. 

For  stamps,  crushers,  etc i 

For  saw-mills  and  pumping  engines ifg  ^ 

For  weaving  machines  and  paper  mills ^  ^ 

For  flour  mills    ^  -^             Jg 

For  spinning  niarhincs  for  coarse  to  middle  fine  yarns. ...  A"  A              i§ 

For  spinning  machines  for  finer  yarns ift;  fij 

For  belt-driven  dynamo  machines tJ^ 

For  directly  coupled  dynamo  machines -joo  T^            lit 

There  is  a  marked  tendency  to  reduce  these  coefficients.  The 
later  authors  give  smaller  values  than  the  older  ones,  and  we 
also  find  the  modern  engines  generally  to  be  fitted  with  heavier 
flywheels  than  the  average  values  would  call  for.  The  last  oo- 
effieient,  perhaps  the  most  important  one  nowadays,  is  espe- 
cially uncertain,  having  such  a  wide  range.  But  in  more  delioate 
cases  the  use  of  a  figure  merely  grasped  from  a  table  is  per- 
haps not  the  safest  or  the  best  practice,  especially  as  it  has 
been  found  that  a  certain  value  of  (^,  giving  good  results  with 
one  engine,  does  not  always  give  the  same  satisfaction  with 
another  engine  doing  the  same  kind  of  work. 

An(ft/ie?*  Method  of  Calculating  tJie  Flywhed. 

It  is  sometimes  desirable  to  have  a  more  defined  qiuuitity  by 
which  to  determine  the  degree  of  variation  of  an  engine  than 
the  amount  of  inertia  possessed  by  the  flywheel  at  diflevent 
times.     Such  a  quantity  offers  itself  in  the  displacement  of 
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crank  pin.  If  the  circumference  of  the  crank-pin  circle  i»  the 
unit  by  whicli  the  variation  of  the  engine  is  measured,  then  '5 
will  mean  a  certain  percentage  of  2tI{.  In  that  case,  if  a.  cer- 
tain value  of  S  has  been  found  to  give  satisfaction  for  a  certain 
kind  of  work,  the  same  coefficient  also  will  cover  all  cases  of 
the  same  kind,  and  all  uncertainty  is  at  once  done  away  with. 
Then  the  iveiaht  of  the  wheel  does  not  have  to  be  determined 
with  a  liberal  hand,  so  as  to  make  sure  that  it  will  be  "  plenty 
lai^  enough,"  but  it  can  be  made  closely  to  satisfy  a  particular 
demand. 

After  the  variation  cnrre  of  effort  (Fig.  407)  has  been  found, 
there  is  comparatively  but  little  work  left  in  order  to  arrive  at 
a  curve  representing  the  crank-pin  displacement. 

A  certain  mass  M  is  assumed  to  be  located  at  the  crank  pin. 
Call  an  ordinate  to  the  cui-ve  of  effort  in  &  certain  point  T'„. 

Tk«  .„  =  §, 

where  a„  is  the  acceleration  of  crank  pin  in  the  point  con- 
sidered, due  to  T'„.  (I,  is  positive  or  negative  when  T\  falls 
above  or  below  AJi  respectively.  In  the  former  case  there  is 
an  acceleration,  in  the  later  case  a  retardation  of  speed.  Thus 
the  variation  curve  of  effort  also  represents  the  acceleration  of 
crank  pin  to  a  scale  which  depends  upon  M. 

Suppose  a  variable  acceleration  a  to  be  represented  as  a 
function  of  time  by  some  equation 

«  =  x{(). 

If  the  variable  dpeed  due  to  a  is  v,  the  formula 

,h 

gives  dit  ~  .?(')'/', 

and  'U  =  \x  {()  dt  +  c. 

If  besides  two  corresponding  values  u„  and  to  of  speed  and 
time  are  known,  we  get,  after  determination  of  c,  aa  an  expres- 
sion for  the  velocity  of  the  motion, 

v-K=\'x{i)dt 


riF     n  VWWKtfl^ 


This  Unt  iot^gral  represents  tbe  snrbce  eDclooed  br  the  i-aam, 
two  ordinates  at  '  «tt<l  %  an-i  the  part  of  the  ranv  a  =  xi/) hAn- 
•tect^d  br  saiJ  ordinat'ra.  CoBaeqaentlr,  br  int^ratiim  (rf  Ae 
carve  r,f  acc^li^ ration  the  variation  carve  of  <reloeitj  is  found. 

In  Fig.  4?K'  the  onlinates  od  even  iotervals  gire  the  Aceeleis- 
tion  at  eqai'Iistant  p.-ints  of  the  crank-pin  circle-  ThnelMC, 
in  order  to  apply  the  a)*ove  to  oar  caae.  the  absciflBs  axis  mn>t 
be  maile  to  represent  time  instea*!  of  space,  or,  if  it  ia  i 


to  represent  time  '  which  of  course  is  very  agmAj  ocmeet),  a  eor- 
rection  of  the  error  thus  committeil  can,  in  case  extreme  mcb- 
racr  is  desired,  be  made.  This  i.s  practically  done  by  first  in- 
tei^ting  the  cui^'C  of  acceleration,  and,  under  the  aamuDpiicai 
that  the  abscissa  asis  represents  time,  getting  the  qoantities  «« 
y„  "„  .  .  .  "■._:,  ^'„,  by  which  tbe  velocity  ia  increased  (re- 
spectively decreased  •  from  one  interval  to  the  other.  But  the 
time  ur^eded  by  the  crank  pin  to  cover  each  one  of  tbe  equl 
parts  of  its  path  stands  in  inverse  proportion  to  the  reloeitiM 
with  wh  ich  these  spaces  are  passed.  If.  therefore,  a  new  bjsIsb 
of  ordinates  is  raised  upon  a  line  '. '2>  >  Fig.  413),  the  d 
between  which  are  in  dii-ect  pro])ortion  to  the  qnaotities 
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and  if  on  these  ordinateH,  raised  throagli  points  novr  represent- 
ing the  times  actually  needed  tor  covering  the  equal  spaces  of 
Fig.  407,  the  values  obtained  by  integrating  the  acceleration 
curve  are  marked  off,  the  curve  through  those  points  will  repre- 
sent the  variation  of  velocity  of  crank  pin  during  one  revolu- 
tion of  the  engine. 

Since  AJi  (Fig,  407)  ia  the  mean  of  the  curve,  the  sum 

«i  +  Ma  +  Kg  + «»_i  +  ><„  "  ", 


which  shows  that,  under  the  assumption  made  on  page  968,  the 
crank  pin  during  sneeesaive  revolutions  of  the  engine  always 
passes  a  certain  point  with  the  same  velocity,  or  that  the  varia- 
tion of  velocity  ia  periodical,  each  period  being  one  revolution. 
The  relations 

du. 


ami  Cdiiseqiieiitly 


ih, 
~  dt 


'  tit' 


I 
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sho-w  that  the  curve  of  dlBpIacement  of  crank  pin  is  to  be  goHia 
from  the  ourre  of  acceleration  by  a  doable  integratiou  of  tlia 
same.  The  first  iategration  gave  tbe  variation  onrve  of  velocitf 
*Fig.  412).  Since  the  abscissee  here  signify  time,  the  second  in- 
tegration can  be  performed  directly.  The  result  is  the  carve  of 
displacement  of  crank  pin,  caased  by  tbe  variation  of  effint 
(.Pig.  413). 

The  abscisBffi  of  Fig.  413  represent  time.  The  ordinates,  thei^ 
fore,  determine  how  much  the  location  of  the  crank  pin  at  eraiy 
moment  of  one  revolution  differs  from  what  it  would  be  if  &e 
speed  were  constant  and  equal  to  v. 


i\  L^ 

i          .1 

1 

/      i 

By  the  expression  "  to  integrate  a  curve  "  here  is  meant,  thai 
the  abscissa  representing  one  revolution  by  ordinates  is  divided 
into  a  convenient  number  of  parts  (say  20  or  40)  and  the  sor- 
fnces  enclosed  by  each  two  ordinates,  the  intersected  part  of  the 
curve,  and  the  abscissa  axis  are  measured  in  snccession,  and  the 
values  obtained  used  fur  plotting  n  new  curve.  This  can  scca- 
rately  be  performed  witli  a  planimeter. 

When  deriving  one  curve  from  the  other  by  integration  of  tbe 
enclosed  surface,  as  above,  there  is  always  a  nnmber  ctf  pranfs 
of  special  interest.  Where  tlie  primary  curve  has  a  Teriez 
fniaxinii  or  luinimi-pointl  the  secondary  curve  has  a  point  (rf 
inilexiou,  and  where  the  former  curve  intersects  the  sbwnns 
axis,  there  the  later  one  hits  a  vertex  <  points  marked  m  and  ■ 
respectively  in  Figs.  41'2  and  4131  This  featnre  is  valnabla  lor 
getting  the  correct  cun'atun-. 

Each  one  of  the  above  curves  rei)Tesent8  its  quantity,  i 
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afcion,  velocity,  nr  (lisplacemeut  iu  a  scale,  which  depeuds  upon 
the  masB  J/  assumed  at  the  crank  pin  and  upon  the  scaler  in 
which  the  curves  are  designed.* 

The  Figs.  397,  398,  402,  404,  405,  40T,  409,  412,  and  413  are 
taken  from  a  horizontal  condensing  engine,  having  a  ratio  be- 
tween crank  radius  and  length  of  connecting  rod  of  1  to  5.  The 
steam  card  and  other  data  of  this  engine  are  given  by  Fig.  396. 

Aasaming  iu  this  case  the  mass  of  250,000  pounds  as  concen- 
trated at  tie  cr^nk  pin,  Fig.  413  gives  the  total  displacement  of 
crank  pin. 

(r  =  CT,  +  ^s-=0.03(i  inch, 

corresponding   to  0.03183  of   one   per  cent,   of   the   crank-pin 

If  this  engine,  for  instance,  is  to  drive  a  directly  coupled  alter- 
nating current  generator,  which  is  to  operate  in  parallel,  the 
variations  of  frequency  must  be  limited  to  a  certain  maximum 
amount,  and  a  flywheel  must  be  provided  of  sufficient  inertia  to 
accomplish  this  limitation.  Suppose  that  the  generator  is  a 
30-pole  mjichine.  The  usual  way  of  fixing  the  limit  of  angu- 
lar variation  allowable  in  a  generator  is  to  divide  the  angle  cor- 
responding to  two  poles  of  the  machine  into  360  parts,  which 
maybe  called  "  pole-degrees."  f 

If  it  is  decided  that  in  this  case  the  total  variation  shall  not 
exceed  8  pole-degrees,  we  must  have 

"  ^  :i60"T"30  '^'^^  .  _    ^ 

=7  0.08378  inch  '  '      "     ■ "  "  ■ 

=  0.1)74  per  cent  ^■ 

From  the  way  the  curve  of  displacement  has  been  derived 

from  the  curve  of  acceleration  it  is  evident  that  the  amoont  of 

*  Iu  the  rase  itUstrated.  for  inslaDCe,  tbe  rectified  crank-|>in  circle  and  the 

timo  of  one  revtilulnin  were  represented  bj  HiieB  10  incheB  long-.     Therefore,  at  a 

Bpeed  of  100  revolutioLiH  per  minute,  one  inch  of  tlie  abscisEa  axis  repreaenls  0.06 

Hecaod  [i].     In  Fig.  407  tLe  Bcale  of  i-ffort  was  1  Inch  =  5000  Iba,  [  T].  and  with 

a  nHL-jS  jtf  -  7773  — t!^--  (i'iiubJ  to  the  mass  of  850,000  lbs.)  Bssiimed  at  crank 

T 
pin,  the  eqaatlon  u  —  -jit  gives,  as  the  scale  of  velodty,  one  sqaare  inch  (of 

meaanred  surfacel  —.  0.01186  feet  per  second. 

f  These  quiiutities  are  often  referred  to  Bimply  as  "degrees."  which  in  deceiv- 
ing and  prfibablv  is  a.  ransequeDce  of  the  worda  "  Af  phase  departore  "  hartng 
been  left  oat.  
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displacement  is  in  proportion  to  the  mass  M  assumed  at  the 
crank  pin.  Therefore  the  mass  needed  at  crank  pin  to  ac- 
complish the  desired  degree  of  regulation  in  this  case  is 

, ,  _  0,03183      ^^.^ 

_  _ , ,,  lbs.  sec.^ 
-33«       j^      -, 

which  is  the  mans  of  107,51 1  pounds.  If  this  weight  is  rednced  to 
the  rim  of  a  flywheel,  the  eifective  diameter  of  which  is  10  feet^ 
the  weight  of  this  rim  becomes 

W=  Q"  X  1,.7511 
=  9676  lbs. 

This  is  under  the  assumption  that  the  flywheel  rim  is  the  only 
revolving  mass  with  any  influence  upon  the  regulation.  The 
inertia  of  the  arms  of  a  wheel  adds  a  small  amount  to  that  of 
the  rim,  but  of  more  influence  is,  for  instance,  the  revolTing 
field  of  a  generator,  which  may  allow  a  considerable  reduction 
in  flywheel  woiglit  to  be  made. 

( ht/ijKffind  Engines. 

In  compound  engines  the  curves  of  effort  of  the  high  and  low 
pressure  sides  are  designed  as  for  separate  engines.  They  are 
then  added  together  in  a  position  corresponding  to  the  cnuik 
angles.  From  the  resulting  curve  of  total  effort,  combined  with 
the  load  cnrv**,  the  variation  curves  of  effort  and  velocity  are 
(lesignod,  and  finally  the  curve  of  displacement  of  crank  pin. 

Fig.  414  sliows  the  curves  of  steam  effort  (marked \ 

of  inertia  ( •  -  •  >,  of  influence  of  connecting  rod  ( —  • — 

. ._  .  — .^  aiid  the  combined  curve  of  effort  (drawn  in  foil)  of 
the  high-pressure  side.  Fig.  415  of  tlie  low-pressure  side  of  an  18- 
inch  and  34-incli  by  l^rninch  cross  compound  condensing  engine, 
developing  7*2.")  indicated  liorse-power  at  a  speed  of  IQO.reToln- 
tions  ])er  minute.  Tlie  cianks  are  set  at  right  angles,  the  high- 
j)ressur(^  engine  having  th<i  lead.  It  is  of  special  interest  here  to 
notice  th<i  influence  of  the  reciprocating  masses. 

Fig  il  (>  sIk  )ws  the  variation  curve  of  effort  for  this  engine.  The 
variation  of  velocity  is  re])resented  by  Fig.  417,  and,  assuming  the 
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mass  of  100,000  pounds  at  the  craok  pin,  the  total  crank-pin  dis- 
placement becomes 

a  =  0.1344  inch 
=  0.1188  per  cent, 
as  shown  by  Fig.  419. 

The  variation  curve  of  effort  has  not  a  very  smooth  appearance 
in  this  case.  The  question  then  naturally  arises  whether  it  could 
not  be  improved  upon. 

Without  in  this  connectiou  paying  any  attention  to  changes, 
eventually  improvements,  which  could  be  made  by  reductions  of 


or  additions  to  the  weight  of  the  reciprocating  parts,  we  will  here 
only  consider  the  iuiiiieuce  of  a  change  of  the  crank  angle.  And 
it  will  be  found  that  Jiere,  as  in  every  case,  there  is  a  certain  crank 
angle  which  will,  more  than  others,  reduce  the  variation  of  effort. 
It  also  will  a])pear  that  this  crank  angle  usually  is  more  or  less 
remote  from  90  degrees. 

Fig.  419  shows  the  variation  curve  of  effort  for  the  compound 
engine  referred  to  greatly  improved  by  the  choice  of  a  crank  angle 
of  144  degrees,  and  by  giving  the  low-pressure  engine  the  lead. 

The  resulting  variation  curve  of  velocity  and  the  curve  of 
crank-pin  displacement  are  shown  by  Figs.  420  and  421  respec- 
tively.   The  total  variation  has  been  reduced  to 

a  —  0.1055  inch 
—  0,0933  of  one  jwr  cent. 

Tliis  represents  a  gain  of  21.5 1  per  cent,  by  which  amount  the 
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weight  of  the  flywheel  can  be  redooed,  keejnng  the  v 
same  in  both  caseB. 

Knowing  the  action  of  the  r^nlator  employed  we  can,  in  cum 
where  sndden  changes  of  load  are  liable  to  occar,  draw  a  diagram 
representing  the  variation  of  effort  and  get  the  oonseqiieiife  atank- 


pin  displacement,  covering  a  number  of  sncoeasiTe  revolntioDS  of 
the  engine.  It  is  sometimes  required  to  do  this  for  engines  driving 
electrical  apparatus,  where  the  engine,  more  or  leas  suddenly,  may 
have  to  take  care  of  or  lose  a  considerable  part  of  the  load.  But 
in  such  cases  an  occasional  slight  increase  of  variation  during  a 


few  revolutions  cannot  be  altogether  avoided,  although  a  o 
maximum  disturbance  may  be  observed. 

The  number  of  horse-powers  developed  by  an  enginedoea  net, 
within  quite  large  limits,  appreciably  affect  the  amonnt  of  ywn- 
ation  as  calculated  for  normal  or  average  conditions  of  load.  Am 
an  illustration  of  this.  Fig.  422  may  serve,  which  represents  Uie 
cur^-es  of  effort  of  a  44-iucIi  and  8&-inch  by  60-inoh  veitioal  omas 
compound  condensing  engine,  developing  3,660, 5,060, 9fi^0f  .fnd 
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6,820  indicated  IiorBe-powera,  respectively,  at  a  speed  of  75  revo- 
lutioDs  per  minute.  Tlie  crauks  are  set  at  90  degrees,  high- 
pressure  engine  leading. 

Fig.  423  shows  tiie  curves  of  effort  of  the  same  engine  under  the 


same  conditions  of  load,  Irat  with  the  low-pressure  crank  in  the 
lead  by  l^U  degrees.     The  improvement  is  obvious. 

By  using  the  crank  angle  which  gives  the  most  uniform  rotative 
effect,  the  displacemont  of  crank  pin  has  been  found  to  get  reduced 
by  15  to  30  per  cunt      Then  the  engine  has  not  the  greatesi 


reduced  1 

test  pos 
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sible  starting  power,  but  this  is  not  as  a  rale  essential  with  engineB 
requiring  a  yery  close  regulation.  In  large  engines  the  reduoed 
cost  of  the  flywheel  will  cut  some  figure,  but  the  greatest  adyaiir 
tage  is  gained  in  those  cases  where,  in  order  to  obtain  a  hi(^ 
degree  of  regulation,  the  speed  of  the  flywheel  rim  approaches 
the  allowable  limit,  when  the  required  regulation  can  be  obtaimd 
with  a  wheel  of  the  same  weight  but  of  a  considerably  rednoed 
diameter. 

DlSCUSSIOlf. 

Mr.  AllotL — About  three  years  ago  I  was  called  upon  to  make 
a  calculation  of  the  variation  in  angular  velocity  of  an  engine 
during  one  revolution,  for  the  purpose  of  determining  what  error 
there  would  be  in  running  two  triple-expansion  engines  driving 
direct-connected  alternating  current  generators  which  were  to 
be  run  in  parallel. 

I  looked  about  for  some  literature  on  the  subject,  and  failed 
to  find  anything.  I  groped  about  in  darkness  for  a  time,  and 
finally  evolved  a  method  of  determining  this  variation,  which 
I  have  since  applied  to  a  3,500  horse-power  vertical  compound 
Allis  engine,  which  is  now  being  built  for  the  Chicago  Edison 
Company.  This  method,  while  not  so  analytical  as  the  one 
which  has  just  been  ])resented,  might  {K)ssibly  be  of  interest,  as 
it  offers  a  simple  draughting-room  method  for  determining  with 
reasonable  accunicy  the  angular  variation.  The  method  as  ap- 
plied to  the  engine  above  mentioned  is  as  follows: 

First:  Determine  the  Aveights  of  the  reciprocating  parts  of  the 
engine,  also  the  weights  of  the  revolving  jmrts  redooed  to  a  ocim- 
mon  moment  at  the  radius  of  the  crank-pin  circle.  The  weight  of 
the  connecting  rod  is  put  half  in  each  of  these  two  divisions  anlesB 
the  crank  end  is  much  heavier  than  the  crosshead  end,  in  which 
case  it  is  <livi(led  proportionately.  To  reduce  the  diflferent  re- 
volving weights  to  an  equivalent  mass  at  crank  radios,  we  use  the 
formula — 


r;  rj  rl 

From  the  determined  weight  of  the  reciprocating  parts  we  will 
next  construct  a  curve  showing  the  varying  pressure  which  this 
weight  exerts  upon  the  crosshead  pin  during  a  stroke,     HwiB 

determined  gniphicidly  as  f<ill()ws: 


I 

1,. 
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DEBiyATION  OF  CURVE  OF  INERTIA 
y  S«l«5,09tlM.-.5SJ" 

*  Fio.  424. 

Weight  in  Pounds  of  RBCtPBoCATnia  PAwra. 

Crosstiead 

Connecting  rod  total  =  6,500  reciprocating B 

El«cipracKtiDg  weight  common  to  all  cylinders 

High-pressure  pistou  =  3,120  ;  rod  =  1,466  ;  piston-rod  = 

■I-  10.218  = ]8,TW 

Low-pressure  pistoo  =  8,040 ;  rod  s  2,043  ;  piston-rod  =  10,069 

■h  10.318= ao,2w 


R  [of  crank]  = 3.6  f«M 

W  =  weight  of  reciprocating  pins  on  one  crank. 

F,  —  inertia  of  reciprocating  parts  at  dead  centre  (connecting  rod  lu- 

fioitc)  =  ~  X  j'  = 4.™  W. 

Cfwik SOlDchMi, 

Coonfcting  rod 166     " 

Crank R  1 

Connecling  rod       L   6.S 

hay  off  J/JT  to  reprfsent  stroke  of  piston. 

Laj  ofl  MB'  and  MB"  to  represent  pressure  per  pound  of  reciprocating  parts 

Straight  lino  joining  Ji'  B'  =  inertia  curve  wUh  Infinite  rod. 
D  =  position  of  piston  when  rod  is  tangent  to  crank  circle. 
MB  =  MB+'yj-    fi.  =  gg-°°^^°g"^=5.B. 


3I'B°  =  M'B- 


R. 

ve  BDB"  should  be  a  paraltola.  but  is  here  a 
no  pradical  terror,  liowevur. 
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Lay  off  NX'  parallel  to  JIM '  a  distance  below  MM'  lepresented  bj  one  poond 
to  scale  ;  then  ordinates  from  Xy  are  proportional  to  combined  effects  of  might 
and  inertia,  and  wben  the  number  of  pounds  which  they  repreflent  are  mnltlpllBd 
by  weights  of  reciprocating  parts,  give  values  in  tables. 


Ordinate 

a  = 

inertia  at  180° 

t> 

b  = 

150° 

( » 

r  ^ 

130° 

» t 

f/  = 

dO° 

f  < 

f 

60° 

t  < 

/  = 

30° 

ii 

y  = 

0° 

Preiwnre. 

_Um 

Weight. 

1S,7W 

m^ 

a 

69,000 

68.480 

48.680 

84.840 

-12.400 

-48.800 

-64,800 

101.475 

b 

96.8S7 

c 

d 

78,0n 
86,5n 

e 

18,865 

/ 

71,088 

a 

06,886 

y ••••••... 

Referring  to  Fig.  424,  draw  the  line  J/7*,  representiiig  in  ex- 
tent the  combined  length  of  the  connecting  rod  and  the  piston 
travel.  From  the  jx^int  O  with  radius  OP  strike  a  circle  repre- 
senting the  crank  travel.  From  the  other  ejid  of  the  line  MP 
lay  off  the  distance  MM\  representing  the  piston  travel.  Now, 
assuming  that  a  weight  W  equal  to  that  of  the  reciprocating 
parts  were  concentrated  at  the  centre  of  the  crank  pin,  and  were 
made  to  travel  in  the  crank-])in  circle  at  the  same  number  of 
revolutions  as  the  engine  is  to  run,  their  centrifugal  force  calca- 

ir  r- 

lated  from  the  fornmla would  be,  in  this  case,  4.79  x  W. 

If  again  we  sissume  that  instead  of  travelling  in  the  crank-pin 
circle,  this  weight  were  attached  to  the  end  of  a  connecting  rod 
of  infinite  length,  this  formula  would  still  represent  the  momen- 
tum, or  inertia^,  at  the  instant  of  p^issing  the  dead  centres.  This 
inertia  foive  would,  of  course,  act  in  opposite  directions  at  the 
opposite  ends  of  the  piston  tnivel,  and  would  be  zero  at  jihe  mid- 
dle of  the  stroke.  AVe  then^fore  have  three  points  of  the  inertia 
curve  for  a  ccmnecting  rod  of  infinite  length.  Referring  to  F^. 
4t^4,  lay  off  at  right  angles  to  and  below  the  line  MM'  the  dis- 
tance J/ /i',  repn^sonting  the  inertia  at  one  end  of  the  stroikB^  and 
the  equal  distance  M'Ji"  above  the  line,  representing  the  inertia 
at  the  other  end  of  the  stroke,  and  draw  a  straight  line,  which 
will  piiss  through  the  centre  of  the  piston  travel  If  oonneofelBlg 
these  three  ]>oints.  This  line  li'D' Ii"  repreeenta  the  inertia 
(Ui'vo  for  the  reciprocating  parts  with  the  conneotingrod <^r:» 
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finite  length.  To  corract  this  curve  for  a  rod  5J  cranks  in  length, 
lay  off  on  line  M'B"  the  distance  B"B°,  representing  jl^  of  the 
distance  MB".  Again,  on  the  line  MB'  produced,  lay  off  B'B, 
which  is  also  -^\  of  the  length  of  the  line  MB'.  These  points 
B  and  B°  are  two  points  on  the  curve  of  inertia  for  a  connecting 
rod  of  5i  cranks  in  length.  To  find  the  third  |)oint  draw  a  line 
of  the  length  of  the  connecting  v\v\  tangent  to  the  crank*pin 
circle,  and  where  this  intersects  the  line  MM'  will  be  the  third 


point  on  this  inertia  curve.  Now  strike  the  arc  of  a  circle 
through  the  three  points  B,D^B°,  and  tJiis  will  be  the  inertia 
curve  fur  a  connecting  rod  5J  cranks  long;  and  the  ordinales 
included  between  the  line  MM'  and  this  curve  represent  the 
pressures  ujton  the  ci'ossheiKl  pin  at  the  different  points  of  the 
stroke. 

The  engine  under  consideration  being  of  the  vertical  type,  lay 
off  the  line  NS'  below  the  line  MM'  at  a  distance  representing 
the  weight  of  the  reciprocating  parts.  Ordinates  then  measured 
above  or  hfloiv  y S"  represent  Ihp  pressures  upon  the  crosshead 
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pin  due  to  both  the  inertia  and  the  weight  of  the  reoiprocatiiig 
parts. 

Take  no^v  a  ]>air  of  indicator  diagrams,  as  shown  in  Fig.  4S5, 
and  combine  tlu-m  so  as  to  eliminate  the  back  pressures,  produc- 
ing a  curve  representing  tlie  net  pressure  per  sqoare  inch  upon 
the  piston.  Tliis  curve  I  do  not  show,  but  instead  I  show  a 
similar  cnrvi>  A  in  Figs.  427  and  428,  obtained  by  multiplying 


the  ordinates  of  the  cur\-c  not  shown  by  the  number  <rf  sqoan 
indies  ill  the  |>istfin  (correcting  for  area  taken  out  by  the  {Hsttn 
rod),  and  tliis  curve  reiiresents  the  entire  preasure  upon  the 
cros-shiuul  pin.  due  t<>  steuii  pressun;,  upon  a  Boale  of  100,000 
poundH  per  inch.  Now  dniw  in  tlic  inertia  curve  £  to  the  same 
scal»>,  and  conibiim  tlic  curve  A  with  the  curve  B,  pr-'nciiig  the 
ciifvo  r.  iill  ill  Fig.  I:;7.  ari.l  this  Inst  curve  wIU  re  ssent  the 
total  jircssiii'i;  iijion  ihit  crosshcad  pin  due  to  thee  i>f  steam 
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and  weight  and  inertia  of  the  reciprocating  parts.  A  summary 
of  the  data  from  which  the  inertia  curve  was  deduced  is  given 
following  Fig.  424,  p.  987. 

Thus  far  we  have  dealt  with  pressures  referred  to  different 


.AA"  INDICATOR  CARDS  COMBINED 
BB- INERTIA  CURVE 


H.  P,  CrUNDER 


CC-A  AND  B  COMBINED 


Fig.  427. 


Aairom 


points  of  the  piston  travel.     We  will  now  c 
of  these  different  ])ressures  at  corresponding  poir 
pin  circle. 

Extend  the  base-line  <>f  these  curves  a  c 
length  of  tlie  connecting  rod,  and  upon  it 
semicircle,    not  shown   in  the    cut,   reprej 
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travel;  the  centre  of  this  semicircle  being  the  lengtii  of  tht 
connecting  rod  distant  from  the  middle  of  the  line  repreMntiig 
the  piston  travel.  Divide  this  semicircle  into  six  equal  paitsol 
■^0  degrees  eucli,  and  from  these  points  of  diviuon  as  oentn^ 
witli  radius  etjual  to  the  length  of  the  connecting  rod,  describe 
arcs  intersecting  the  base-line  representing  the  piston  trani 
From  tliese  [wints  of  intersection  erect  ordinatee  perpendionlir 


to  tlie  baae-line,  and  wlici-e  they  intersect  the  carre  Caboreind 
below  the  Imse-line  will  1«3  twelve  pointe,  refezred  to  piitoa 
travel,  corresponding  to  twelve  etjiiidistant  points  in  the  onak- 
])in  circle,  for  which  we  will  compute  the  corraspoading  taa> 
gential  pressures  by  the  following  method: 

Iteferring   now   to   Fig,  i'2'.K  upon   the  I  "   "  liio  AS  llifti 
a  circde  with  a  radius  of  unity;  <lividc  the  cdroi      ei«iioa  aA(| 
circle  into  twelve  j»arts  of  ^0  degrees  each;  tht         itbep 
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division  draw  lines  of  the  length  of  the  connecting  rod  termi- 
nating at  the  line  A  B.  Produce  these  lines,  if  necessiiry.  until 
they  intersect  the  vertical  line  OC  at  the  poinls  i-,  -■',  etc.  The 
distances  Ot\  Oc',  ek.,  measureii  on  the  scale  of  which  the  radius 
OC  is  unity,  represent  the  factors  by  which  the  pressures  shown 


on  the  corresiKjnding  points  of  the  curve  C,  Fig.  4S7,  should  be 
multiplietl  in  order  to  find  the  corresponding  tangential  pressures 
upon  the  cmnk  iiin.  Determine  in  the  same  ivay  the  pressures 
corresijonding  to  tlie  twelve  points  selected,  and,  upon  the  base- 
line DD,  Fig.  430,  representing  to  some  convenient  scale  the 
crank-jiin  circle   rectified,   construct   the   curve  as  shown,  the 


D,    BOr»TI¥£  EFFECT  OF  H 


ordiniitcs  of  which  curve  will  represent  the  total  rotative  press- 
ures for  the  upward  and  downward  strokes.  Determine  liy  the 
same  process  the  tangential  pressnre  upon  the  crank  pin  of  the 
low-pressure  cylinder,  as  shown  in  Figs.  426  and  428,  and  con- 
struct this  curvi'  upon  the  same  Iwise-line,  having  corresjionding 


Wi 
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points  at  a  distance  ahend  of  or  behind  the  curre,  for  the  )a^ 
pressure  cylinder  <le}>ending  u]x>n  the  aogle  at  which  the  raub 
are  set  relatively  to  eacli  other.  This  curve  for  the  low-piuMUii 
cylinder  is  shown  in  Fig.  4110  by  the  dotted  line.  The  oombi&Bd 
effect  of  these  Uvo  cnrt'es  is  shown  in  Fig.  431,  which  repreaenti 
the  total  crank  effort  for  both  cranks  at  all  points  dnring  tlia 
revolution.  Through  this  curve  draw  a  line  JifiT parallel  to  ths 
base-line  00,  in  such  a  position  that  tlie  areas  included  betwen 
the  curve  and  the  line  J/J/ shall  be  equal  above  and  below.  Tho 
position  of  the  lino  MM  may  be  conveniently  determined  by 
measuring  with  a  planimeter  the  area  included  between  the  cam 
and  the  base-line  00,  and  dividing  same  by  the  length  of  the 
line  00. 
We  will  now  consider  the  equivalent  maaa  of  the  rotntingputi 


DIASfWM   OF   CRANK  EFFORT 

FOR  ALL   CRANKS 

Dtartd  br  »rnblnii«  gwvH  D,  und  D| 


)■  lOOiOaa  k.'vMt 


of  the  engine  concentrated  at  tho  centre  of  the  crank  pin,  and  H 
having  no  other  velocity  than  that  produced  by  the  positive  and 
negative  forces  re])rcsonted  by  those  portions  of  the  cnrre  d 
cnmk  efTort'  on  oitlier  mlv  of  the  line  MM.  For  conTenienoa  in 
estimating  we  will  ikssnnie  that  the  applied  force  ia  nnifonn 
within  each  of  the;  twelve  spaces;  i.e.,  this  tangential  force  ftir 
each  space,  expressed  in  ]X)nnds  above  or  below  tiie  normal  Jf  Jf, 
is  e(|ual  to  the  mean  heiglit  of  each  B[)ace  above  cr  below  tits 
line  MM,  and  is  exhibitJ'<l  in  column  ^'of  Table  IT. 

The  velo<ity  gained  or  lost  during  each  twelfth  of  ■ 
is  deduce<l  as  follows: 

The  etjuivalent  weight  of  the  revolving  partH  at  cnnk  K 
(2.5  feet)  equals  3,;ii!7,0O0  pounds.     The  TelodQr 

pin  is^"-''  --'*-  '];^'^^*'^^-ii'  =  19.63  f eet  p 


)t  the  mri^H 

mi.    M'^M 
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number  of  revolutions  per  second  <  =  1.25,  the  number 

of  spaces  traversed  per  second  equals  15,  i     I        ti 
space,  .0667  second.     The  mass  of  the  ] 


W  _  3,367,600  _ 


104,584.    Hence 


S"~  H 


equaJs  acceleration  for  a  force  of  one  pound.    Therefore 

equals  the  velocity  gained  or  lost  during  each  interval, 
in  column  A,  Table  IV. 

Now,  if  the  velocity  of  the  pin  be  assumed  normal  at  the  be- 
ginning of  the  stroke,  the  velocity  attained  up  to  the  end  of  the 
various  spaces  will  be  equal  to  the  algebraic  sum  of  the  velocities 
gaiued  during  each  of  the  preceding  spaces.  These  velocities 
attained  up  to  the  end  of  each  s)tace  are  shown  in  column  V". 
As  the  actual  velocity  of  the  crank  pin  at  the  beginning  of  the 
stroke  was  not  normal  as  assumed,  it  becomes  necessary  to  cor- 
rect the  values  of  V"  accordingly.  The  integrated  sura  of  the 
velocities  above  and  below  normal  attained  during  one  revolu- 
tion must  be  zero,  therefore  the  correction  to  be  applied  equals 
the  algebraic  sum  of  the  velocities  V"  divided  by  the  number  of 
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spaces  (twelve  in  tliis  case).  Thus  the  correction  ia  .033,  and  fin 
amount  must  Iw  (leiluct*^!  from  the  values  of  V"  in  order  to 
arrive  at  tlie  true  velocity  attained  up  to  the  end  of  the  noe» 
sive  intervals.  With  tliesti  tnio  velocities,  given  in  oolnnra  F, 
Table  IV..  as  onlinates,  plot  the  cur\-e  of  velocity  F',  Fig.  431, 
wherf^  Jtll  represf^nts  the  mean  velocity  of  the  pin. 

From  the  curve  of  velocity  V,  Fig.  433,  ascertain  the  avenp 
velocity  above  or  Ixilow  the  mean  velocity,  £B,  during  ttA 


siwice.  shown  in  column  I',  Talile  TV.  With  these  Telodtiei 
given,  the  s]>itce  Eictually  passMl  over  during  each  intamlaOL 
lie  n-iulily  calculatnl  by  inulti]>Iying  the  values  of  Vbj  .0687, 
ttie  time  for  one  space.  The  ligures  in  column  S"  were  dodmil 
in  this  way. 

If  the  ]K.>sition  of  the  pin  be  assumed  normal  at  the  begiBiiilg 
of  the  stroke,  its  distjince  from  normal  tip  to  the  end  of  Ab 
resiHK'tiv*!  intervals  will  be  etinal  to  the  algebraic  sum  of  tbe 
S])aces  actuiiliy  pissed  over,  ahead  of  or  behind  fit*  mean  posi- 
tion, chiring  ciuli  interval.  Therefore,  the  figor  in  column  S' 
urc- (Xjuiii  to  the  integrattKl  sum  of  the  preceding  ligures  in  Q 
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nmn  S".  As  the  position  of  the  crank-pin  at  the  beginning  of 
the  stroke  was  not  zero,  as  assomed,  a  correction  must  be  applied 
to  the  values  of  S'.  Since  the  integrated  sum  of  tbe  distances 
ahead  of  or  behind  the  mean  position  must  be  equal  to  zero,  the 
value  of  the  correction  is  equal  to  the  ratio  of  tbe  algebraic  sum 
of  the  values  of  S'  to  the  nurabor  of  spaces.  The  value  of  tlie 
oorrection  is  .00182,  and  is  to  be  added  to  the  values  of  S'  to  get 
the  true  displacement  or  distance  from  normal  of  the  pin  at  the 
end  of  each  interval,  the  figures  for  same  being  shown  in  col- 
umn S.  Since  one  foot  corresponds  to  2S.82  degrees  of  arc, 
measured  on  the  crank-pin  circle,  the  number  of  degrees  of  arc 
from  normal  equals  the  product  of  the  true  distances  in  feet  from 
normal  (column  S)  by  33.92.  The  number  of  degrees  of  arc 
from  normal  deduced  in  this  way  are  shown  in  the  penultimate 
column  of  Table  IV,  Finally,  as  there  are  40  poles  on  the  gen- 
erator, there  will  be  20  cycles  or  changes  of  phase  per  revolu- 
tion, therefore  one  degree  of  aro  ei]uals  20  degrees  of  phase,  and 
the  displacement  {shown  in  the  last  column  of  Table  IV.)  at  the 
end  of  each  interval  may  be  calculated  by  multiplying  the  cor- 
responding degrees  of  arc  by  20.  A¥ith  the  values  of  the  dis- 
placement in  degrees  of  phase  from  normal  as  ordinates,  the 
curve  of  displacement,  Fig.  434,  was  plottwl,  in  which  OC  repre- 
sents the  mean  position  of  the  crank  pin. 

To  insure  the  satisfactory  operation  of  two  alternating  current 
generators  when  working  in  parallel,  the  maximum  amount  of 
angular  variation  or  displacement  should  not  be  allowed  to  ex- 
ceed Hi  degrees  of  phase  departure  from  the  mean  position  dur- 
ing any  revolution,  and  as  the  maximum  displacement  shown  by 
this  final  curve  is  well  within  the  2^  degrees  bmit,  the  design  of 
the  unit  in  that  respect  may  be  considered  satisfactory. 

Pfof.  P.  M.  Chumherlmn. — During  the  past  year  two  of  my 
students,  Messrs,  Ludlow  and  Gilraore,  have  been  working  on 
a  design  of  a  high-spee<l  engine  for  a  specific  purpose.  The 
degree  i>f  stcjtdiness  required  for  the  work  was  uncertain,  and  it 
was  decided  t<i  make  a  test  of  an  engine  which  was  known  to  be 
giving  very  good  service  in  similar  work  and  determine  that 
factor.  They  iiswl  the  bund  wheel  of  the  engine  as  a  chrono- 
graph cylinder,  covering  it  with  whitewash.  The  first  intention 
was  to  use  a  tuning  fork  to  give  a  marking  on  this  band  wheel, 
but  that  was  aban<h)ned,  as  a  tuning  fork  sufficiently  large  to 
give  a  measurable  Tiiark  would  nut  vibrato  at  a  sufficiently 
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rate  of  speed.  Then  the  device  shown  in  Fig.  436  wu  adopted. 
On  one  end  of  a  plank  is  a  motor  beltied  to  a  spindle  oanTingit 
its  end  a  little  spring  which  is  eccentric  with  tixo  centre.  If  the 
hand  wheel  was  standing  still  the  marking  point  obTioiuIy  would 
make  a  sniull  circle  on  the  whitewashed  sorfaoe.  As  the  wluil 
moves,  the  ])oint  makes  a  series  of  loops,  and  the  faster  it  mom 
the  greater  will  be  the  distance  from  loop  to  loop.  The  [diiik 
is  moved  along  gradually,  so  that  a  series  of  reoords  is  obtained 
across  the  face  of  the  wheel.  They  used  the  well-known  method 
given  in  that  classic  work  on  the  steam  engine  by  Arthur  Bigg 
for  calculating  the  factor  of  steadiness. 

The  calculated  results — all  the  weights  of  the  moTing  parts  of 
the  engine,  tlie  canis,  etc. — being  at  their  otHunuuid,  obedtad 
remarkably  close  to  the  experimental  results.  The  faotw  <tf 
steadiness  in  this  particular  case  was  150;  that  ia  to  say,  iti 
reciprocal  was  the  variation  in  velocity  divided  by  the  aTenge 
velocity.  The  revolutions  of  the  marker  were  very  high— I 
think  something  like  30,000.  The  points  were  about  8  inchei 
apart,  and  on  a  4-foot  wheel  the  variation  in  distanoea  from 
point  to  point  amounted  to  about  ^  of  an  inch. 

Mr.  AhboU.—l)o  1  understand  that  ^e  differenoe  in  the  vari- 
ation of  speed  was  about  yi^  of  the  average? 

Profesxiff  Chatnherlain. — Yes,  sir. 

Mr.  Abbott. — In  the  case  of  the  engine  which  I  diaoiUMd,  the 
variation,  I  believe,  was  about  1  in  3,000. 

Prof.  v.  V.  Ken:— I  would  like  to  ask  Mr.  Abbott  (1)  if  then 
is  any  great  change  in  the  variation  of  speed  of  the  engine  dnr 
ing  the  stroke  l>utween  full  and  light  loads;  and  (S)  can  the  speed 
reguliition  of  an  engine  i>e  predicated  with  satisfactory  aoonncj 
at  the  time  of  its  design  ? 

Mi:  Ahhiift. — It  is  my  observation  from  aome  other  calcnlir 
tions  that  I  have  made  in  this  same  matter  that  the  load  doM 
not  have  a  very  great  effect  u{>on  the  variation  of  speed;  it  dcM 
have  some,  but  not  so  much  as  one  would  expect.  I  think  it 
could  bo  determincil  beforehand  readily  enough  what  the  varia- 
tion would  1>e.  In  fact,  those  curves  are  calonlatJODB  on  a> 
engine  which  is  not  yet  built. 

Prof.  Duyahl  V.  Jurl-Kon. — This  discussion  has  intereated ne 
very  iriuch,  as  I  have  done  more  or  less  Bpeco'°*^~~  with  n^pect 
to  the  effect  of  engines  n|)on  tlie  working  of  al  iton.     Tlwn  i 

is  comparatively  little — in  fact,  one  may  say  i  is  nothing  of 
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any  account — in  the  literature  of  the  subject  that  is  really  satii- 
factory  in  its  treatment,  and  I  find  that  the  paper,  so  far  as  I 
went  thn>ugh  it,  gave  me  no  additional  light.  I  have  never 
gone  through  the  matter  so  fully  as  Mr.  Abbott  has  evidently 
done;  but,  following  up  the  same  idea  that  he  has  carried  out,  it 
was  ck>ar  to  me  that  a  [)erfectly  satisfactory  predetermination 
can  be  made  of  the  size  of  the  flywheel  retjuired  to  produce  any 
desired  degree  of  uniformity  in  velocity  for  any  known  condition 
of  driving  power.  It  would  be  advantageous  if  Mr.  Abbott 
would  expand  his  method  of  computation  for  the  Transacti^m^ 
and,  if  possible,  make  tests  u]X)n  his  particular  engines  with  their 
generators  and  rejwrt  the  results. 

I  have  also  followed  up  the  means  for  getting  continuoos  reo- 
onls  of  the  instantaneous  velocities  of  engine-driven  altematon, 
and  I  find  that  there  is  no  really  satisfactory  method  which  has 
been  developed.  Various  schemes  have  been  in  use;  for  instance, 
the  scheme  of  making  a  lot  of  photogra])hs  of  the  flywheels, 
taken  one  after  another  at  very  short  equal  intervals  of  time, 
and  then  ] Kissing  them  through  a  kinetosco|)e,  and  w^atching  the 
])liantom  wheel  thus  pnxluced.  This  gives  a  picture  of  the  mov- 
ing whoel  with  its  velocity  reduced  in  any  desired  ratio,  so  that 
one  can  get  an  idea  of  its  relative  velocity  at  each  instant  while 
looking  at  the  picture,  but  it  does  not  allow  of  measuring  the 
results.  I  doubt  the  reliability  of  Professor  Chamberlain's 
method  if  it  is  desired  to  record  i*esults  with  a  fair  degree  of 
iic*curjicv ,  or  to  ol>serve  a  very  small  variation  of  speed.  This  is 
|x>ssib]y  due  to  the  fact  that  he  drives  his  indicating  device  by 
means  of  the  belt.  The  very  slightest  shaking  of  that  belt  will, 
in  some  cases,  make  a  snfiicient  diiference  in  the  speed  of  his 
])ointer  or  indicator  to  vitiate  the  i*esult.  Perhaps  this  would 
not  l>e  evident  in  the  ease  of  the  engine  which  he  tested,  where 
there  was  a  coinj)aratively  wide  variation  of  velocity  during  the 
revohition;  but  in  the  cas(*  of  some  of  the  engines  which  it  is 
necessjirv  to  use  for  the  driving  of  alternators,  the  variation  is 
si>  small  that  the  results  given  by  his  method  would  probaUy  be 
so  inaccurate  as  to  be  entirely  valueless. 

PritUHi<or  (Itiiinhi rlaoi. — 1  would  say  that  it  is interestiiig to 
note  that  tlie  consecutive  records  obtained  side  by  side  give 
a  fairly  good  degree  of  certainty  that  the  condidons  did  not 
change.  If  tlu^  voltatre  changed  that  ran  the  motor,  or  if  then 
was  a  slip  in  the  belt,  which  is  scarcely  likely  to  occur  innn- 
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ning  so  light  a  load,  it  would  be  observable  in  repeated  records 
Bide  by  side  on  the  wheel;  and  in  as  large  circuinfepenoes  as 
would  be  obtained  in  the  class  of  machinery  of  wliich  Professor 
Jackson  speaks,  the  results  would  be  even  more  accurate  than 
on  a  small  wheel. 

Mr.  Iieiat.~-T\as  is  a  very  interesting  and  iniiKirtant  subject, 
and  one  which  has  received  a  great  dc-al  of  attention  in  the  last 
few  years.  It  seems  to  me  that  it  is  very  doubtful  whether  by 
means  of  any  mechanical  device  it  nill  be  possible  to  measure 
the  fluctuation  of  the  flywheel,  because  the  amounts  to  be  meas- 
ured aie  so  very  small.  One  metho'l  wiiich  lias  been  proposed 
is  an  i3lectrical  method,  and,  it  seems  ti.>  me.  hu£  more  promise 
than  any  mechanical  method,  I  am  not  certain  whether  it  has 
been  tried  or  not.  The  plan  is  to  build  a  small  liynamo,  to  be 
placed  directly  on  the  engine  shaft,  nr  it  may  possibly  be  driven 
by  a  smoothly  running  belt,  or  by  fi-iction  fi-om  a  true  pulley  or 
flywheel,  the  idea  being  to  drive  a  direct-current  dynamo  which 
is  separately  excited,  and  which  would  liave  a  grejit  many  com- 
mutator segments  to  give  a  very  even  potential  if  driven  at  a 
uniform  speed.  The  voltage  of  this  d\-nimio  is  to  be  balanced 
against  that  of  a  storage  battery,  so  that,  if  the  speed  is  uni- 
form, the  volt  meter  will  measure  zero.  If  the  speed  is  higher 
at  any  ]X)int,  the  volt  meter  will  measure  tlie  increase  of  poten- 
tial and  therefore  the  increase  of  speed.  If  the  s|)eed  is  lower, 
the  volt  meter  will  again  measure  the  difference;  the  idea  of  the 
storage  battery  being  to  enable  one  to  read  on  the  volt  meter 
simply  the  differences  in  speed  rather  than  to  get  a  value  rep- 
resenting the  ultimate  speed, 

2fi:  A.  K.  MiuiK^.I.L — It  a))|)cars  to  me  that  there  ia  a  point 
of  view  in  regard  tii  tliis  subject  which  has  not  fwen  touched 
ui»on  by  any  of  tlie  speakers,  and  which  is  the  practical  one. 
Possibly  tlie  s}»eaker9  might  criticise  me  by  ealling  it  the  in. 
tensely  practical  one.  In  the  first  place,  wliat  is  the  object  of 
determining  this  angular  variation  of  a  flywheel?  I  may  be 
disphiying  iriy  ignorance  in  asking  the  question.  Behind  all 
this  tlien'  is  tiie  practical  nnjuirement  of  tbe  flywheel — it  has 
to  do  sometiiiiig.  Can  you  tell  by  your  apparatus  whotlior  it  is 
doing  that  thin<j  or  not?  If  it  is  not,  why  not  make  it  heavier 
until  it  does?  Tliat  Is  tin'  way  we  treat  tins  subject  in  all  other 
lines  of  engine  work — \sv,  make  the  lly  wheel  heavier.  "We  have 
simple,    well-l;ni)wn    fi>iiiiiilie    for   determining    the   weight  of 
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flywheels  to  suit  different  conditions.  The  constants  of  then 
formula?  are  derived  from  ex])erience,  and  what  we  now  seem 
to  requii*e  is  suitiihle  constants  to  apply  in  the  case  of  this  nenr 
condition;  namely,  alternating  generators  running  in  paralkL 
The  analysis  of  the  pafx^r  is,  I  a])i)rehend,  a  very  useful  training 
of  the  mind — to  lay  a  picture  l)efore  one  of  what  the  flywheel 
Ikis  to  do.  I  have  heen  through  such  matters^  thongh  not  IB 
elaborately  as  is  here  done—this  is  a  very  beautiful  analysis— 
but  having  gone  to  the  end  of  it,  after  having  read  the  last  page, 
the  problem  still  remains:  How  ^^^^^  shall  we  make  the  fly- 
wheel ?  We  are  obliged  in  all  other  lines  of  work  to  determine 
this  by  experiment.  I  do  not  know  just  what  the  form  of  the 
ex])eriment  would  have  to  be  in  this  line  of  dealing  with  alter> 
nating  current,  but  I  l)elieve  that  there  are  electrical  instromenti 
— I  am  not  certain  about  this — that  determine  whether  the  Ity 
wheel  is  doing  what  apjxMirs  to  be  required  of  it;  and  if  itiSi 
then  the  flywheel  is  found  to  be  satisfactory.  If  it  is  not^  then 
let  us  make  it  hea\ner — and,  by  the  way,  make  it  still  a  little 
heavier.  That  is  the  way  Ave  arrive  at  the  result  in  rolling  mill 
and  other  Avork,  and  I  want  to  inquire  whether  that  method 
might  not  be  followed  here. 

Mi\  AhhuiL — I  ho])e  I  may  be  excused  for  speaking  too  often, 
but  I  would  like  to  call  the  attention  of  the  gentleman  to  the 
fact  tliat  it  would  l)0  very  embarrassing,  after  he  had  a  8,000  or 
5,000  horse-power  engine  all  set  up,  to  make  the  disoovery  that 
the  flywheel  was  not  heavy  enough,  and  I  think  it  is  worth  a 
little  calculation  beforehand  to  determine  how  heavy  it  shooU 
l>e.  The  allowable  variation  in  speed  is  furnished  by  the  maker 
of  the  electrical  apparatus,  who  says  the  speed  must  not  vaiy 
more  than  so  much  from  the  mean,  and  it  is  necessary  to  fnrnUi 
a  flywheel  which  will  hold  the  engine  within  these  limits. 
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REQUIREMENTS     OF    ELECTRICITY    IN    MANUF 
TURING     WORK. 


(Mero'bn  of  tbo  Socletj.) 

This  paper  briefly  considers  some  essential  features  of  eleotric 
power  traDsmission  in  raaisiifucturing  work,  t  Earlier  treatment 
of  the  subject  lias  been  varied  and  somewhat  scattered,  but  not 
DeccBsarily  inadequate  as  far  as  the  science  had  been  developed 

*  Presented  nt  the  Milwaiikt-e  menting  (May,  1901)  of  the  Americsn  Bocietj-  of 
Mecliuiicitl  Engineers,  and  forming  purt  of  Volume  XXII,  of  the  TTaimaetiont. 

\  For  previous  direuaaioos  on  this  topic  conaiilt  Tranmjctiom.  as  follows; 
No.  174,  Tol,  vi.,  p.  461  :  "  FricLional    Resistance   ot  Euj^lne   and   Shafting   in 
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No.  IBl.  vol,  vii,,  p,  188  :  "  Frictionol   Resistance  of  Shafting  in   Engineering 

EstabliBliments."    8.  Webber. 
No,  3M,  vol,  X,,  p,  823 :  "  Elenrlc  Motors  for  Shops." 

No.  472,  vol.  liii,.  p,  157:  "  Electric  Power  Distribution."    H.  C.  Spaulding. 
No.  713,  vol.  iviii.,p,  328:  "  Friction  Horse- power  in  Factories."   C.  H.  Benjamin. 
No,  738,  vol.  si-iii.,    p,    861:    "  Eiectricitj' oj.  SbBtting   in   the  Macliiae  Shop." 

C.  H,  Benjaniiu, 
No.  746,  vol,  wJii,,  p,  1047:  "Klectrical  Power  Equipment  for  General  Factory 

Purpoaes."    D.  C,  Jackson. 
So.  770,  vol.  lii,.  p.  467:  •' Electricity  in  C'otlon  Mills,"     W.B.  Bmitli.Wlialey. 
No,  806,  vol.  IK,,  p.  435:  "  On  How  Small  a  Tool  Dops  it  Pay  to  Put  an  Individ. 

nal  Electric  Motor?" 
Na  669,  vol.  x\\..  p.  B13:  "  Systems  and  Effldencyof  Electric  Tran.'imii^ion  in 

Factories  and  Mills."    W.  8.  Aldricb. 
No.  883,  vol,  iiii.,  p.  S66:    "Power   and   Light   for  the  Machine   Shop  and 
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"  Westom  Society  of  Engineers."  Chicago,  vol.  i,,  p.  807  ;  vol.  iii.,  p.  B04,  TVwu- 
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"American  Institute  Electrical  Engineers,"  180fl,  vol,  xvi.,  p.  145,  7Vnn»(iotfon». 
'■  Institution  nf  Electrical  Engineers,"  T-ondon,  Jitwnal,  July,  1900 ;  vol,  xiii., 
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"  American  Railway  Master  Mechanics'  Association,  Report  by  Cominittoe,"  Bail- 
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18,  July  13. 1900. 
'■  Franklin  Instilnl*,  Philndelphin,"  Jailrna/.  January,  lfM)l.  vol.  cll„  p.  1. 
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at  tbo  time  of  itH  preBentation.  The  statements  and  prmmplei 
hero  set  fortli  are  founded  upon  -what  lias  been  done,  npoi 
actual  experience.  Additional  and  valoable  matter  iriUrDO 
doubt,  lie  brought  nut  in  the  tliacussion  of  this  topi& 

Examples  illustrating  one  or  more  of  the  prinoiples  involnd 
might  here  bo  cited  in  detail,  but  complete  descriptions  of  in- 
stallations and  valuable  results  of  experience  are  novaooesobh 
on  every  hand.  In  fact,  the  whole  development  of  this  field  d 
application  of  electricity  is  quite  open  and  above  board.  It  ii 
founded  upon  common  sense  and  engineering  prsctioe.  It  ]ui 
therefore  at  once  an  advantage  over  many  earlier  and  soma 
modern  or  wiahed-for  developments  of  electricity. 

The  demand  for  increased  production  is  extending  to  all  Ums 
of  manufacturing  industry.  It  is  created  by  the  keen  oompeti- 
tion  of  trade  and  the  necessity  of  filling  orders  promptly.  The 
exigencies  of  business,  therefore,  are  bringing  directly  to  the 
front  tlie  question  of  this  new  motive  power  in  mannfaotaring. 

Factories  are  not  built  in  a  day,  but  the  ready  extension  at 
existing  electrical  supply  ser\'ice  has  increased  the  ontpnt  from 
30  to  4.0  per  cent,  per  si^uare  foot  of  floor  space.  Nev  »"iwliiiwff 
and  tools  cannot  always  be  obtained  on  telegraph  order,  but  a 
resort  to  electric  driving  has  increased  the  ontpnt  of  ezistiiig 
machines  from  20  to  ISO  per  cent.  Workmen  may  not  be  had 
for  the  asking,  but  giving  them  electric-driven  machines  hsi  il^ 
creased  the  output  per  man  from  10  to  30  percent.  AH  of  tbii 
has  been  developed  without  any  strikes  or  other  thaa  satisfM^ 
tory  regulation  of  wages  by  recognized  preminm  and  price-nto 
systems. 

It  is  an  axiom  tliat  the  old-established  oonoems  get  the  hnai- 
ness.  To-day  they  must  guarantee  delivery  on  time  and  it 
lower  prices  to  keep  their  Victories  and  mills  in  opentian. 
Electric  driving  accelerates  and  intensifies  production  for  ths 
first  requirement.  It  reduces  the  cost  of  prodnotion  from  86  lo 
45  per  cent,  for  the  second  requirement.  Of  two  maTwilHi^fHtm^ 
each  using  the  same  size  and  style  of  latest  miwihines,  witli 
e<}ually  skillod  workmen,  the  one  adhering  to  belt  transmission, 
with  its  limited  capacity  anil  speeds,  will  probably  fall  behind 
in  f)rderH.  With  many  manufacturers  it  is  Btill  a  qnestiim 
whether  the  electric  drive  costs  more  to  install  and  to  mtuotaiu 
than  the  lieltinfj  system.  Tliis  can  only  be  fa  ained  for  each 
l>articular  c&no  as  it  arises.     If  it  slionld  oi  ^  it  will  stiU 
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prove  a  profitable  mTeBtmeiit  when  it  increases  the  oatpnt  per 
day,  per  man,  per  maobine,  per  square  foot  of  floor  space,  in- 
creasing the  quantity  and  enhancing  the  quality  of  the  product 
Trhile  decreasing  the  cost. 

It  is  no  longer  a  question  of  the  efficiency  of  electricity  vs.  shaft- 
ii^  for  power  transmission.  Nor  is  it  a  mere  question  of  aaving 
at  the  coal  pile  when  only  2  or  '6  per  cent,  of  the  total  cost  of 
production  is  to  be  charged  to  the  fuel  account.  In  many  cases 
electricity  has  effected  a  savit^  during  the  first  year  that  has 
more  than  paid  for  the  cbjinge  to  the  new  system.  "Whether  it 
is  more  or  less  economical  than  mechanical  transmission  depends 
upon  circumstances.  When  properly  installed  and  operated, 
electricity  should  have  inherently  all  of  the  considerations  in 
its  favor. 

The  resulting  economy  of  production  and  the  ability  to  fill 
orders  promptly  are  aU  in  favor  of  the  electric  system.  It  may 
be  compared  to  skilled  labor — higb-priced,  but  very  desirable 
from  the  standpoint  of  the  economics  of  production.  Few  man- 
ufacturers still  hesitate  to  employ  high-priced  sldlled  labor. 
Many  more  cling  to  antiquated  methods  of  driving  modem 
machinery  operated  by  most  skilful  workmen.  To-day,  there- 
fore, this  question  assumes  very  different  proportions.  The 
discussion  has  been  shifted  to  the  field  of  manufacturing 
economics,  involving  considerations  of  maximum  output  with 
given  equipment,  floor  space,  and  working  force.  It  is  a  ques- 
tion of  accepting  and  filling  orders  or  of  losing  the  business  to 
those  manufacturers  who  can  take  them. 

The  disciplinary  value  of  electric  driving  cannot  be  ignored. 
The  old  easy-going  belt  system  used  to  allow  many  a  glance  at 
the  morning  news,  many  a  familiar  chat  during  long  and  deep 
cuts.  With  the  electric  drive  the  operator  finds  it  very  conven- 
ient to  be  near  his  machine.  The  customary  warning  signals  of 
slipping  belts  are  no  longer  heard. 

Satisfactory  illumination  should  also  be  provide<i  No  one 
will  work  by  a  smoky  torch  when  he  can  have  au  arc  or  an 
incandescent  lamp.  Electric  light  must  be  supplied  in  these 
times  in  all  sliops  where  they  make  a  practice  of  doing  a  day's 
work  the  year  round.  Only  a  little  wiring  is  required,  and  a 
small  amount  of  extra  power  is  necessary  at  the  generating  plant 
to  drive  macliines  and  tools  by  electricity.  In  many  instances 
electric  lighting  has  paved  the  way  for  electric  driving. 
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We  have  all  bad  experience  in  getting  men  to  "  speed  np  "  then 
machines.  Tradition  and  custom  are  both  against  the  opentn 
vho  does  much  belt  ahiftiug.  In  the  ejes  of  almost  all  joomej- 
men  and  of  some  piece  workers  it  is  next  to  treasonable  to  chugs 
the  rate  of  working.  Even  though  paid  extra,  to  do  more  than  « 
day's  work  iu  many  shops  is  still  a  crime  af;ainst  tfae  nnion  or 
other  combination  interested.  The  workman  who  attempts  it 
soon  finds  a  job  elsewhere  or  is  promoted.  The  electric  drive 
changes  all  of  this.  A  press  of  the  button,  a  turn  of  the  lerer, 
and  each  piece  of  work  can  be  executed  at  maximum  speeda 
allowed  by  the  temper  of  the  tool  sieeh  It  forcibly  illnstratai 
Maxim's  statement  that  American  workmen  find  it  pays  to  don 
much  as  they  can. 

The  ever-widening  applications  of  electricity  in  mannfaotnring 
work  show  that  it  lias  fully  proven  its  claim  to  a  oonsideratioiL 
It  ia  thoroughly  reliable.  It  has  come  to  stay.  It  fills  the  ezautiiig 
requirements  iu  this  new  field  more  economically  and  satis&etmv 
ily  than  any  other  system  of  power  transmission.  In  the 
common  forward  movement  of  industry  electricity  is  still  in 
the  van.  It  stands  ready  for  any  emergency  within  its  province, 
and  so  far  baa  been  equal  to  each  new  demand  made  upon  it 

Aside,  however,  from  all  purely  technical  conaiderationB  of 
the  application  of  eloc-triritr  to  manufacturing  stuids  pre- 
eminently the  question  :  does  it  pay  ?  Hany  manufEwtnren 
have  conclusively  shown  that  the  economies  of  production  have 
been  enhanced  by  tlieir  adoption  of  electricity  ;  that  its  inherent 
advantages  in  tltis  relation  far  outweigh  all  previously  debatable 
questions  of  economy  and  efficiency  of  the  electric  drive  com- 
paired  with  belting  transmission,  and  that  even  if  there  were  no 
saving  at  the  coal  pile  it  would  still  not  pay  to  return  to  the  old 
method  and  lose  orders. 

L— Gknkilu,  CosaroEBATIONB. 
1 .  Eleclric  Transmimion  tn  Manufacturing'  Work  is  a  Meana  fo 
an  EitiJ :  Centralized  ))ower  generation  for  Ught  and  maniifM- 
turing  purposes;  subdi vision  of  the  transmission  system  and 
the  motive-power  eqni|>mentr:  execution  of  all  classes  of  woik, 
irrespective  of  its  locntinn ;  maximum  efficiency  of  workmen, 
machines,  and  labor  involved ;  intensified  piodnction  at  best 
speeds  and  at  the  power  limit  of  miicbiueswithiniproVed«( 
maximum  output,  and  roiluced  cost. 
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2.  Sanitary  C'omideratioiis :  It  is  healthful,  clean,  and  free  from 
dirt,  dust,  and  dripping  oil ;  it  affords  accommodations  and  facili- 
ties for  proper  lightiug  and  ventilation  ;  it  removes  dangers  from 
overhead  machinery  shaftiitfr  and  belts  ;  it  reduces  the  sick  list 
to  a  miuimnm  ;  it  insures  quietness  from  absence  of  much  un- 
necessary noise  with  older  systems,  and  develops  cheerfulness 
among  the  workmen. 

3.  DiJ<cifiinary  Vahie :  It  improves  the  m<irale  and  the  jxrxon- 
nd  of  workmen ;  it  conduces  to  shop  order  and  discipline,  with 
the  most  economic  use  of  the  workman's  time,  quick  handling  of 
material,  and  masLmum  efficiency  of  labor. 

4.  Flejcibilily  of  the  Sytit^n :  Accessibility  of  all  parts,  adapta- 
bility  to   various  nses,  and   portability  of  tools  are  inherent 


5.  Riikihility  of  Sffvic: :  It  is  free  from  any  general  breakdown, 
localizing  casualties  and  stopping  least  machinery  for  repairs ; 
no  accident  can  affect  the  whole  plant  in  any  case  of  a  modern 
electrical  installation  properly  designed,  equipped,  aud  oper- 
ated ;  it  is  more  to  be  depended  upou  than  any  other  system. 

n.  Economics  op  Electbicity  in  Mandfacturino. 

1.  Eiei.iric  Ponvr  0':-neraiioii :  This  system  admits  of  central- 
ized or  concentrated  power  generation  which  is  required  for 
maximum  economy.  Distributed  power  generation  in  small  and 
scattered  units  is  very  wasteful. 

The  electric  power  plant  may  be  located  to  best  advantage 
for  fuel  and  water  supplies,  conveying  and  transportation  facili- 
ties. It  may  be  isolated  from  other  structures,  so  reducing  fire 
risks  and  insurance  rates,  especiaUy  where  the  boiler  house  is 
in  a  separate  building. 

The  electric  generating  sets  may  be  subdivided  into  similar 
and  independent  unita  These  may  be  operated  at  all  times 
under  the  must  economic  condition  of  normal  loads.  This 
permits  mimufacturing  work  in  any  branch  or  section  of  the 
establishment  as  economically  under  part  load  as  under  full 
load,  ou  overtime  and  night  shifts  as  during  the  day's 
work. 

Electric  light  may  be  supplied  from  the  power  mains  or  from 
separate  generators,  as  L-onilitions  require.  In  not  a  few  cases 
of  the  introduction  of   electric  driving  the  additional  saving 
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has  been  more  than  enough  to  pay  for  all  of  the  lighting  ■«- 
vice. 

The  cost  of  generating  electric  power  can  only  be  a  deoidiig 
factor  when  the  total  cost  of  power  required  is  large  oompanl 
to  the  running  expense.  The  saving  in  fuel  depends  upon  the 
cost  of  fuel,  the  average  load,  the  amount  of  shafting  and  bett- 
ing displaced. 

2.  Electric  Potoer  Transmission :  The  distances  are  short  k 
factory  service,  the  electric  distribution  being  within  one  build- 
ing or  a  group  of  buildings.  The  so-called  line  losses  are  them- 
fore  usually  negligible  in  well-designed  installations.  Low 
voltages  are  employed  in  factory  transmission.  From  110  to 
550  volts  are  the  accepted  limits  at  the  present  time  in  ihiB 
country,  either  for  direct  or  alternating  current  working  at 
constant  potential  or  pressure.  The  economics  of  the  Tarioiu 
systems  can  be  only  satisfactorily  discussed  with  refeienoe  tosny 
given  project  or  installation. 

The  following  are  recognized  methods  of  distribution,  ior 
electric  light  or  power,  or  both,  in  manufacturing  work  : 

Two-wire  and  three-wire  systems,  for  direct  or  altematbg 
currents. 

Multi-circuit  system  for  direct-current  multi-voltage  serrioe. 

Single-phase,  two-wire  alternating  current. 

Two-phase,  three-  or  four- wire  alternating  current. 

Three-phase,  three-  or  four-wire  alternating  current. 

Composite  system,  direct  current  and  single-phase  or  two- 
phase  alternating  current  on  the  same  wires. 

3.  Tlie  First  Cost  of  Elect ncal  InstnllaJtion :  This  wiD  usually  be 
higher  for  an  electrical  than  for  a  mechanical  transmission. 
The  interest  on  first  cost  will  rarely  be  a  determining  faetor. 
It  will  be  more  tlian  offset  by  the  manufacturing  economies 
elsewhere  effected  and  by  the  reduced  cost  of  shop  buildings 
incident  to  the  use  of  the  electric  drive. 

4.  MnintenaiK^e  of  /{tectrir  System  :  The  cost  of  maintenanoe  it 
a  minimum.     The  depreciation  is  less  than  in  any  other  sysioBL 

The  saving  effected  is  much  more  than  sufficient  to  pay  lor  sU 
of  the  incidental  repairs  and  renewals  to  the  eleotrioal  mAohia- 
ery  or  the  wiring  system. 

Attendance  and  supervision  are  largely  centraliaad  aad  m- 
duced  to  a  minimum  compatible  with  efficient  servioa^  owiqglp 
the  reliabilitv  of  the  svstem. 


^■.»^ 
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Electrio  generators  and  motors  are  tlie  Bimplest  types  of  mo- 
tive-power macLinerj-  that  can  be  nsed  in  the  development  of 
power  trAnsmission  tor  nianufaoturing  work.  They  have  the 
fewest  parts  requiring  any  renewals.  They  require  practically 
no  repairs. 

Electric  machines  will  either  work  or  not  work.  They  soon 
make  their  wants  known.  They  cannot  be  maintained  in  waate- 
fol  operation,  as  is  the  case  with  every  other  kind  of  motive- 
power  machinery.  Standardization  of  this  class  of  electrical 
machinery  has  facilitated  repairs.  They  are  quickly  and  easily 
made,  at  minimum  coat  and  with  least  interference  with  the 
roatine  work  of  the  establish  ment.  Small  electric  motors  ia 
general  require  more  fi-equent  attention  and  renewals  than  larger 
machines. 

Belt  tightening  or  lacing  in  the  old  system  stops  work  on 
that  section,  and  stops  all  work  if  it  chances  to  be  the  main  driv- 
ing belt.  Any  similar  casualty  in  the  electric  system  ia  reme- 
died at  once  by  throwiug  into  service  another  line,  or  a  jumper, 
or  a  relay  bus -bar. 

III.     iNFi.uEtJOE    OF    Electric    Trassmibsion    upon    Factoey 

Bun-DINGS. 

The  design,  plan,  and  arrangement  of  manufacturing  estab- 
lishments are  not  now  dictated  or  controlled  by  the  new  electric 
transmission,  as  always  has  been  the  case  with  the  old  mechani- 
cal system.  Factory  and  mill  construction  is  undergoing  radi- 
cal changes  incident  to  the  electric  tranamiasion  of  power. 
There  is  now  a  superior  adaptation  of  the  building  to  manufac- 
turing work  and  sanitary  requirements,  with  higher  ceilings  for 
light,  ventilation,  and  overhead  transportation.  The  cost  of 
buildings  is  reduced  to  a  minimum.  The  electric  drive  does  not 
require  the  heavy  couatmctiou  of  walls,  overhead  work,  and  roof 
trusses  demanded  by  shafting  transmission. 

The  site  for  buildings  may  be  chosen  independent  of  power 
considerations  and  located  on  most  suitable  ground.  There  ia 
no  '.lecessity  for  buildings  being  placed  around  or  adjacent  to 
the  power-house,  as  required  for  mechanical  connections  to  en- 
gines or  turbines.  Grouped  shops  may  be  arranged  in  best 
manner  to  facilitate  economic  production  and  the  handling,  con- 
veying, and  transportation  of  material  and  work.  Detached 
building.s — a  tendency  of  certain  lines  of  modern  manufacturing 
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development — are  feasible,  and  the  work  therein  facsilitated  bj 
electric  transmission.  The  isolation  of  varioaa  shops,  depart 
ments,  and  workrooms  for  manufacturing  or  insuranoe  reaaou 
may  be  carried  to  any  extent  with  the  electric  system  without 
impairing  its  efficiency  or  economy.  The  ontpnt  per  sqnan 
foot  of  floor  space  is  a  maximum  with  electric  transmission. 

lY.    Influence    of   Electric    Transmission   xtpon    Wobxshop 

Expansion. 

Future  areas  of  work  may  be  planned  and  arranged  for  wifh 
the  utmost  freedom  and  entirely  irrespective  of  power  oonsider- 
ations.  They  can  be  located  as  desired,  on  separate  flooiSi  in 
various  departments,  or  in  detached  buildings.  Original  pio- 
vision  for  prospective  development  is  not  necessary  in  the  elec- 
tric system,  but  is  required  by  shafting  transmission.  There  is 
no  expense  for  contemplated  additions  till  they  are  aotnallj  in- 
stalled as  required. 

Permanent  additions  to  the  electric  generating  plant  and  the 
distributing  system  are  made  with  a  gradual  and  pro  rata  oat- 
lay  of  capital,  instead  of  in  disproportionate  blocks  of  new 
equipment,  as  required  by  mechanical  transmission. 

Extensions  of  electric  transmission  and  new  centres  of  power 
distribution  may  be  established  at  any  time  and  of  reasonaUe  . 
capacity,  anywhere  and  at  any  distance,  at  minimum  cost  for 
labor  and  material.  There  is  no  crowding,  overloading,  or  in- 
terference with  existing  conditions,  or  with  the  daily  progross 
of  routine  work.  Temporary  extensions,  to  meet  sudden  de- 
mands for  power  at  any  point,  are  quickly  made  by  running  to 
the  desired  location  electric  wires  or  cables.  These  are  eaaify 
removed  when  no  longer  required  and  as  readily  used  elsewhen 
for  similar  purposes.  The  shifts  are  made  with  the  least  ex- 
pense of  time  and  labor  iu  handling,  and  with  no  aooompanying 
waste  of  material  to  suit  different  conditions. 

Auxiliary  power  is  always  at  hand  for  emeigenoiea  and  to 
almost  any  reasonable  extent,  on  account  of  the  reaerre  naioie 
of  the  electric  supply. 

y.    Influence   of  Electric  Drive  upon  AjSBMJXOKMMm  ov 

Machinery 

The  floor  space  required  per  machine  or  tool  is  redueed  to  a 

minimum. 
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The  alignmetit  of  overhead  shafting  is  no  longer  necesBary. 

Clear  overhead  room  is  provided  for  handling  all  classes  of 
heavy  wort.  The  crowding  and  complications  arising  from 
overhead  shafts  and  belts  are  avoided. 

Location  of  machines  and  tools  may  be  made  to  suit  the  re- 
quirements of  the  work  and  the  available  floor  space.  The 
product  may  then  be  finished  with  least  time  and  labor,  with 
least  handling  and  transportation,  and  in  the  most  efficient  and 
economic  manner. 

All  the  conditions  of  work  and  of  labor  may  be  arranged  to 
hajidle  tools  and  material  to  the  best  advantage  with  freedom 
of  workman's  movements  and  facility  in  executing  manufactur- 
ing operations. 

VI.     Changing  from  the  Old  to  the  New  Sibtem  of  Driyinq. 

"When  alterations  or  additions  in  power  transmission  are  re- 
quired, it  is  the  invariable  practice  in  many  modern  shops  to 
extend  in  the  line  of  electric  driving.  This  is  notably  the  rnle 
where  electric  supply  is  already  at  hand  for  either  lighting  or 
power  service.  In  tlie  rehabilitation  of  an  old  establishment 
some  of  the  shafting  transmission  may  usually  be  combined 
with  the  electric  drive,  as  in  the  so-called  group  system.  Much 
can  be  done  to  improve  the  power  transmission  if  existing  lines 
of  shafting  are  divided  into  the  most  economic  sectional  lengths, 
determined  by  the  speed,  character  of  load,  and  kind  of  work. 
Electric  motors  will  prove  valuable  adjuncts  if  installed  to  drive 
these  sections  independently.  The  electric  drive  is  an  economic 
and  flexible  auxiliary,  supplementing  the  earlier  and  rigid  me- 
chanical power  transmission.  Such  partial  introduction  of  the 
new  system,  especially  if  an  electric-lighting  plant  is  already  in 
service,  will  early  develop  its  advantages.  It  will  defray  the 
cost  of  installation  and  maintenance  by  greater  economic  pro- 
duction. 

Scrapping  the  old  to  make  room  for  the  new  involves  the 
game  economic  questions  in  the  case  of  power  transmission  as 
in  that  of  manufacturing  machinery.  Productive  machinery 
should  not  in  general  be  scrapped  while  there  is  retained  the 
old  system  of  belt  driving,  with  its  inherent  power  and  speed 
limitations.  The  increased  output  of  the  old  machine,  elec- 
trically driven,  will  frequently  equal  that  of  a  new  maohini 
belt  drivpn.  and  turning  out  the  same  kind  of  product. 
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VII.    Application  of  the  Electric  Drive. 

1.  Indivuhial  Drtriufj  irithouf  IntermedujUe  Charing :  The 
armature  of  tlie  motor  is  mounted  on  the  main  spindle  of  the 
machine.  The  power  is  most  directly  applied,  with  ideal  adap- 
tation of  tool  to  work. 

It  requires  more  or  loss  special  adaptation  of  motor  to  ma- 
chine, with  rarely  any  marked  changes  in  the  stmctnral  design 
of  the  latter. 

2.  lufUvlthidl  Drlvinff  vnth  Intcnnediaie  Gearing:  The  motor 
is  conveniently  mounted  on  the  frame  of  the  machine  and  driTes 
it  through  the  intervention  of  the  ordinary  gearing. 

It  roqiiires  no  special  adaptation  of  motor  to  machine.  Any 
suitable  motor  may  he  used  on  any  machine. 

3.  Aflcoitffnjf's  uf^  fhe  Lnlhuhiul  J)rive:  The  workman  has  the 
most  perfect  contnjl  of  all  factors  entering  into  the  economics 
of  production.  There  is  maximum  economy  in  the  application 
of  ])ower. 

The  speed  control  and  the  output  are  independent  of  any 
other  machine.  Tliey  are  no  longer  limited  by  the  speed  of  the 
line  shafting.  Machines  and  tools  may  now  be  worked  to  the 
limits  of  their  respective  ca])acities. 

The  pro<luctive  efficiency  of  the  machine  is  inoreaaed.  It 
may  l>e  operated  at  all  times  up  to  the  power  limit,  reducing 
time  cand  cost  of  labor  for  any  given  product. 

The  choice  of  the  individual  drive  depends  npon  the  power 
required,  the  size  of  tht>  machine,  the  time  it  is  in  service,  and 
the  valuo  of  the  product. 

The  individual  motr)r  drive  is  iisually  adopted  where  the  ma- 
chine is  in  use  only  part  of  the  time,  and  in  sizes  as  amall  M 
two  or  throe  horst^-power,  and  requiring  wide  yariationB  in 
speed  and  power  for  maximum  output  quite  independent  of  the 
first  cost.  For  largo  machines  this  method  reduces  the  power 
losses  to  a  minimum.  It  is  ])articuhirly  advantageous  for  shaaiBi 
])unch(\s,  and  a  class  of  ropair-shop  tools  requiring  power  cnHj 
at  intervals.  TIio  constructive  details  and  design  of  diieet- 
driven  machines  an^  not  usually  altered  to  any  extent;  seoand- 
ary  speed  changes  are  obtained  by  the  usual  change-gear  and ' 
nieclianism  :  in  s])ecial  cases  of  large  tools,  a  range  of  speeds  is 
sometimes  best  ]>rovidod  by  a  special  variable-speed  pic^or. 

4.  (I'nnip  J>riciHij:  A  few  large  electric  motors  axe  emplojod 
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iudependeutly,  driving  sections  of  shafting  of  most  ecoaomical 
length.  This  method  is  thus  adapted  for  driving  a  number  of 
small  machines,  with  no  particular  requirements  in  speed  or  in 
power ;  or  for  most  ei^ouomical  manufacturing  along  special 
lines;  or  for  driving  any  section  on  overtime  or  night  shifts; 
or  for  independent  driving  nf  separate  floors,  departments,  or 
detached  buildings. 

The  maxiiuum  economy  with  the  group  system  can  only  be 
Becured  when  all  of  the  machines  so  driven  are  in  constant  use, 
at  best  speeds  for  maximum  output.  This  dictates  grouping 
machines,  as  far  as  practicable,  of  the  same  size,  style,  functions, 
speed  and  power  requirements,  having  due  regard  to  the  work 
to  be  executed.  Bi^ctionalizing  the  power  transmission  by  sub- 
stituting electric  motors  for  either  the  main  or  section  belts 
secures  partial  advantages  of  the  new  system  side  by  side  with 
the  old,  and  is  frequently  resorted  to  in  old  establishments 
adopting  new  methods. 

5.  Iiidiviihial  "lid  Group  Uni-iiiij  :  The  most  general  require- 
ments of  factory  transmission  can  all  be  met  by  an  intelligent 
combination  of  these  two  methods  of  electric  driving. 

The  first  coat  of  installing  the  individual  drive  will  generally 
be  from  2  to  5  per  ceut.  higher  than  for  the  best  group  system, 
when  all  other  considerations  are  the  same.  The  indi^-idual 
drive  is  more  economical  in  the  use  of  power  than  the  group  sys- 
tem, especially  if  in  the  latter  only  a  limited  number  of  grouped 
machines  are  in  use  at  any  one  time,  under  average  loads. 

6.  Porlafile  Tools  and  A/'pliaiices :  The  extreme  flexibility  of 
the  electric  system  invites  the  widest  use  of  portable  tools  and 
appliances.  A  flexible,  heavily  armored  cable  gives  any  desir- 
able radius  of  action,  with  no  expense  to  maintain  as  a  part  of 
the  transmission  system,  with  no  danger  or  difficulty  in  hand- 
ling, and  requiring  least  time  and  labor  for  any  immediate  shift- 
ing of  tool  or  work.  Least  used  tools  need  not  occupy  floor  space 
when  not  in  o[)eratiou.  Most  favorable  economic  relations  may, 
therefore,  be  secured  in  many  lines  of  manufacturing  work, 
especially  of  the  heavier  grades.  Almost  all  required  tools  may 
be  taken  to  and  operated  at  the  work  iu  hand.  Time  is  saved 
in  not  having  to  shift  and  adjust  the  work  to  the  machine  or 
tool.  Several  operations  may  be  carried  on  at  one  time  by 
bringing  difl"erent  tools  to  the  work,  each  independently  driven 
and  operated. 
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7.  Electric  TransporicUion  and  Conveying :  Electric  haaling  by 
surface  or  overhead  systems  of  distribution,  electric  conyeying 
and  telpher  systems,  electric  cranes,  hoists,  lifts,  and  elevat- 
ors, are  all  well-developed  fields,  and  present  no  unusual  nor  in- 
surmountable difficulties  when  installed  as  a  pai  t  of  the  regular 
electric  system  of  a  manufacturing  establishment  Tools  are 
taken  to  the  work,  or  machines  and  tools  are  quickly  served 
with  material  and  work,  reducing  the  cost  of  all  handling  to  the 
lowest  terms  in  a  field  of  non-productive  labor  that  has  formerly 
been  very  expensive. 

8.  EJedric-drvren  AnxiHaritft :  With  an  established  electric 
supply  service  for  all  manufacturing  work  it  is  an  economic  step 
to  drive  by  electricity  all  auxiliaries,  as  pumps,  fans,  blowers, 
air  compressors,  etc. 

VIIL    Selection  op  Equipment. 

1.  Factors  Deterniinimj  Choice  of  the  Electric  System:  Each 
manufacturing  industry  has  its  own  inherent  requirements. 
No  general  rules  can  be  given,  but  every  case  must  of  necessity 
be  studied  and  developed  by  itself  with  a  thorough  preliminary 
survey  of  all  conditions  and  requirements.  One  successful  sys- 
tem cannot  furnish  precedent  for  another. 

In  general,  the  following  lines  of  inquiry  should  be  freely  in- 
vestigated before  choosing  any  system  for  power  transmission 
in  manufacturing  work  :  the  size  of  the  establishment ;  the  area 
to  be  served  ;  the  arrangement  and  grouping  of  shops,  depart- 
ments, or  buildings ;  the  arrangement,  types,  and  sizes  of  ma- 
chines or  tools  to  be  driven;  the  variety  of  speeds  required; 
the  character  of  the  loads  involved ;  the  kind  of  work  to  be 
executed ;  the  economics  of  fuel  and  water  supplies. 

The  above  items  should  have  been  predetermined  from  the 
standpoint  of  most  economic  production.  They  should  in  no 
wise  be  influenced  by  questions  of  power  transmission.  How 
to  drive  the  machinery  in  a  new  and  modern  manufacturing  plant 
should  be  a  second  and  not  a  first  consideration.  It  should  be 
determined  by,  rather  than  itself  determine,  the  conditions  for 
economic  production. 

2.  iTvterchanfjeahiUty  Throughout  the  Electric  System:  It  should 
be  possible  to  drive  similar  apparatus  and  motors  from  any 
point  of  attachment  to  the  wiring  system.  Greater  flexibility 
is  thereby  secured,  added  facilities  provided  for  use  of  portable 
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tools,  and  readiest  extension  made  of  plant  and  distribnting 
Byatem  at  any  time.  Preferably  have  one,  and  only  one,  eleotric 
system  if  it  can  be  secured  by  intelligent  consideration  of  all 
present  and  the  most  probable  future  requirements.  This  does 
not  necessarily  imply  that  it  is  best  to  have  one  single  circuit 
for  all  kinds  of  service  required  in  a  manufacturing  establish- 
ment, as  light  and  power;  Ixit  it  should  not  be  required  to  use 
different  circuits  for  the  same  service,  as  portable  tools. 

3.  Uniformity  of  Ehetrica],  Eqvipment:  Geueratiug  sets  and 
motor  equipments  should  be  standardized  as  far  as  possible  in 
the  case  of  any  given  establishment  These  machines,  as  well 
as  all  their  parts,  should  be  readily  obtained  in  duplicate  at  any 
time.  This  is  particularly  important  in  making  additions  and 
extensions  iu  the  group  system,  where  it  may  be  required 
to  change  from  a  smaller  to  a  larger  motor  at  any  time  to 
accommodate  more  machines  on  a  given  section.  It  cannot  be 
advantageous  to  experiment  with  different  styles  and  types, 
Electrical  machinery  to-day  is  bo  far  standardized,  and  its  per- 
formance predetermined,  that  there  can  be  no  excuse  for  not 
selecting  that  style  and  type  beat  adapted  to  any  given  factory. 

4.  Poiivr  Required  as  a  Sasis  for  Size  if  Eledr'ic  Motor:  The 
load  diagram  for  any  machine  will  furnish  the  best  data  for 
determining  the  projier  size  of  motor.  It  may  be  readily  ob- 
tained under  the  working  conditions  of  the  machine  by  using  a 
teat  motor. 

In  almost  all  metal-working  industries  the  power  required  is 
subject  to  extreme  fluctuations,  and  may  be  very  heavy,  at 
times,  while  the  bulk  of  it  will  be  quite  light.  It  is  not  neces- 
sary to  install  an  electric  motor  to  carry,  for  any  length  of  time, 
such  sudden  and  heavy  loads  as  will  be  shown  by  the  peaks  of 
the  load  diagrams  for  the  several  machines,  or  the  sudden 
initial  throw  of  the  ammeter  needle. 

The  limit  of  overload  is  fixed  by  the  allowable  rise  of  tem- 
.  perature,  and  can  reJidily  be  predetermined  for  any  given  elec- 
tric motor.  In  general,  the  surface  temperature  of  the  motor 
field  coils,  as  measured  by  a  thermometer,  should  not  exceed 
from  35  to  4r>  degrees  C,  with  a  maximum  limit  of  50  degrees  C, 
after  an  overload  run  of  from  six  to  eighteen  hours,  as  may  be 
specified  by  the  builders. 

Starting-loa<l  currents  are  of  course  high,  and  may  be  from 
two  to  tliree  times  the  normal  current,  as  iu  the  case  of  over- 
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lofwle,  for  brief  perioda.  Indiridual  drives  req^nire  proporliao- 
ately  larger  motors  to  enable  them  to  o&ny  alone  the  hburj 
OTerloads.  Gronp  drives  require  onlj  normal  load  motcoB,  ■■ 
it  will  rarely  ever  occar  that  the  several  grouped  maohinM  an 
all  carrying  overloads  at  the  same  instant.  Motora  for  this  aw- 
vice  may  often  be  much  smaller  than  would  be  dictated  hj  Un 
combined  load  diagram  of  the  machines  forming  the  given  group 
or  section,  lu  no  case  will  they  require  to  approaoh  the  maxi- 
mum, or  the  snm  of  the  maximum,  loads  of  the  Torions  vor 
chines.  Group  system  load  curves  wiU  be  smoothed  cat  ocm- 
siderably.  In  all  electric  motor  installations  there  shonld  be 
ample  power  provided,  rather  than  a  narrow  margin  only  to 
work  npon.  Increasiog  loads  are  almost  sure  to  arise  in  tima 
A  motor  of  ample  size  gives  that  reserve  power  so  charaotei^ 
istic  of  the  electric  system,  if  properly  insteJled. 

5.  diaracfcr  tif  Loaiii  in  Manu/a'tariny  Work:  Load  onrm 
and  diE^ams  of  individual  machines,  gronpe,  sections,  and  the 
entire  plant,  only  can  be  relied  upon  in  estimating  the  ohano- 
ter  of  loads  being  carried  or  likely  to  be  carried  nnder  simi- 
tar conditions.  The  load  factor — the  ratio  of  the  average  to  the 
maximum  load — for  any  given  time  on  any  part  of  the  ByBtBin, 
should  be  as  higli  as  possible  for  best  working  efficiency  and 
economy.  It  may  be  largely  influenced  by  the  way  the  opei^ 
ator  handles  his  motor.  Whatever  the  kind  of  load — nniform  or 
variable,  light  or  heavy,  coutinuous  or  intermittent^  suddenlj 
fluctuating  or  periodically  variable — it  must  be  carefalljinTes- 
tigated  before  installing  electric  motive  power.  In  certain  in- 
stances flywheels  may  be  useful  and  for  the  same  metduuiiosl 
reasons  as  elsewhere  employed  in  machinery. 

fi,  Sp:e(ls  of  MaHii/nct'iri/ifi  Machinery :  The  speeds  should  be 
predetermined  by  the  conditions  for  most  economic  mmTimiiM 
output,  and  so  fix  the  range  required  for  the  eleofatic  mottRB. 
In  no  instance  should  the  reverse  be  the  case.  In  nunj  oins 
of  individual  drives  it  may  be  best  to  secure  the  speed  ledns- 
tions  mechnDically,  as  by  the  ordinary  change-gear.  It  is  sot 
necessary  iiur  advisable  in  all  cases  to  secure  the  same  by 
mounting  tlie  motor  armature  directly  on  the  spindle  vA  flw 
machine.  Provide  motors  with  speeds  consistent  with  the  nap 
of  change-gear,  and  gear  down  rather  than  ap. 

7.  El'^ln'c  Gencrat'irs  Reqmreil.  in  Mawtfac  *laniti  Q|H 

style  and  type  should  be  largely  determined  by  t      kind  of  sei^ 
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vice  to  be  supplied,  the  size  by  the  normal  and  oTerload  condi- 
tions OS  shown  bj  the  plant-load  diagrams,  with  due  considera- 
tions given  to  special  conditions  and  variable  loads. 

The  aotual  normal  capacity  of  the  generator  will  be  chiefly 
determined  by  the  length  of  time  the  various  motors  are  in  use, 
rather  than  by  their  normal  or  aggregate  capacity.  It  may  hap- 
pen, owing  to  the  intermittent  use  of  machines  and  motors,  that 
the  generating  plant  may  be  reduced  to  50  per  cent.,  or  even  to 
20  per  cent,  of  the  aggregate  normal  capacity  of  the  motors  out 
in  the  establishment.  An  increase  of  the  electrical  system  can 
only  be  intelligently  made  from  a  careful  study  of  the  load 
curves  of  the  existing  installation,  and  using  it  as  a  basis  for 
comparison  with  the  probable  load  curve  under  the  proposed 
conditions.  There  should  be  judicious  subdivision  of  the  gen- 
erating plant  into  units,  preferably  of  the  same  size  and  style, 
that  they  may  be  readily  interchanged  and  duplicated  at  any 
time,  with  one  or  two  relay  units  for  emergencies  and  extra 
rush  seasons  of  work.  All  generating  units  used  in  manufactur- 
ing installations  will  necessarily  be  of  such  size  as  to  warrant 
their  being  driven  by  direct  connection  to  engines  or  turbines. 
If  generators  required  are  too  small  to  warrant  direct  connec- 
tion, the  establishment  is  too  small  to  warrant  an  introduction 
of  the  electric  drive. 

S.  The  Elcdrip  Wiriju/  arui  Diatribit/tn^  Syiiem :  All  wiring 
should  be  done  in  accordance  with  the  "  National  Electric  Code," 
being  the  rules  and  requirements  of  the  National  Board  of  Fire 
Underwriters.  Separate  service  circuits,  from  the  same  or  sepa- 
rate bus-bars,  may  be  provided  to  advantage,  for  lighting  and 
various  power  uses.  Sub-stations,  or  sub-station  switchboards, 
should  be  provided  for  separate  shops,  floors,  departments,  or 
buildings,  making  it  unnecessary  to  run  a  separate  set  of  wires 
back  to  main  switchboard  for  each  service. 

9.  In/lirccl  Elcdriv  Distribution :  Indirect  distribution,  through 
the  use  of  accumulators,  converters,  or  transformers  may  be 
found  expedient  under  certain  conditions.  For  the  three-wire 
systems,  some  type  of  accumulator  or  motor-generator  balanc- 
ing set  is  almost  essential  for  efficient  regulation.  The  accu- 
mulator may  render  as  invaluable  service  in  certain  kinds  of 
factory  installations,  as  in  iron  and  steel  mills,  as  it  is  now  ren- 
dering traction  work,  where  the  character  of  the  load  variations 
of  the  former  isi  somewhat  analogous  to  that  of  the  latter.     The 
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loss  in  the  battery  is  ver}'  small  and  entirely  negligible  oom- 
pared  to  the  advantages  to  he  derived  from  its  use  in  inapiifiMV 
taring  plants  of  the  type  mentioned. 


IX.    Losses  in  Factory  Transmission. 

The  inherent  losses  common  to  all  systems  of  factory  trans- 
mission are  due  to  tho  intermittent  and  irregular  use  of  the 
machines  driven.  These  are  reduced  to  a  minimum  with  the 
electric  drive.  There  is  no  consumption  of  power  when  the 
motor  and  machine  are  not  in  operation.  There  are  no  power 
losses  when  the  motor  is  not  in  use,  no  so-called  dead  load 
losses,  due  to  mechanical  friction  of  the  shafting  system,  no 
transmission  losses  in  the  line  when  the  electric  current  is  not 
required. 

Electric  generators  and  motors,  when  in  operation  at  uniforai 
speeds,  have,  generally  speaking,  but  two  Idnds  of  losses :  the 
first  is  a  constant  quantity  depending  upon  the  size  and  type  of 
machine  ;  the  second  is  a  variable  loss  proportional  to  the  square 
of  the  current  in  the  armature  circuit.  The  electric  line  and 
other  wiring  has  a  loss  proportional  to  the  square  of  the  ouz^ 
rent  carried.  The  cost  of  waste  power  in  the  mechanical  sys- 
tem becomes  excessive  at  light  and  frictional  loads.  It  is  sared 
in  the  electric  svstem,  in  which  the  constant  losses  are  mini- 
mized  and  the  variable  losses  are  throughout  proportional  to 
the  amount  of  work  being  done. 


X.    Efficiency  of  Electkic  Transmibsiok. 

The  efficienev  of  the  electric  svstem  under  normal  conditions 
shows  high  maintained  values,  from  about  25  to  36  per  ee&L 
underload  to  the  same  amount  of  overload,  for  the  indiYidual 
generators  and  motors,  as  well  as  for  the  aggregate  effieJenoy  of 
the  installation.  In  mechanical  transmission  there  is  a  con- 
stant falling  off  in  efficiency  at  various  underloads  in  evezj  part 
of  the  system,  owing  to  the  inherent  losses  due  to  mechaidetl 
friction,  which  losses  arc  constant  at  all  loads  and  oanstaiit 
speeds.  It  is  not  a  question  so  much  of  the  indiyidnal  eflflieiH 
(*ios,  in  eitlicr  caso,  as  of  tlio  aggregate  or  combined  eflkneMj 
from  ongiiu^  or  turbine  shaft  to  machine  or  tQoL     ^   16  pevCoaa- 
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aoee  Bhonld  be  considered  and  compared  at  proportional  parts 
of  the  fall  load  as  veil  as  at  normal  loads.  The  mechanical 
efficiency  of  all  manofaotaring  machines  is  almost  invariably  low. 
It  is  possible  materially  to  effect  it  by  efficient  motors  properly 
selected,  installed,  and  operated. 

The'  all-day  efficiency  may  be  made  higher  with  the  electric 
drive  than  with  any  other  sy^^tcm,  as  the  amount  of  time  ia  mini- 
mized during  which  machines  and  tools  are  necessarily  idle. 


XI.     Operation  and  Testin(i  op  Factory  In8tai,latioij8. 

1.  Th^  Genet-aiing  Plant:  As  far  as  practicable,  each  unit 
should  be  operated  at  ita  normal  capacity — additional  units  to 
be  switched  in  as  may  be  required  by  the  manufacturing  con- 
ditions. 

2.  The  Motors:  Karely  the  case  that  any  machine  or  tool  is 
started  from  rest  with  full  load  upon  it  Motors  maybe  started 
best  under  the  uaual  friction,  or  light  loads  on  the  machines,  as 
in  the  belt  systems.  When  the  machine  is  brought  up  to  proper 
speed,  work  may  be  thrown  on  to  it.  In  this  reapeet  the  practi- 
cal operation  of  an  individual  electric  drive  follows  closely  that 
of  the  belt  system. 

It  is  always  possible  to  tall  exactly  what  is  goiug  on  in  an 
electric  drive,  both  in  tind  and  amount  of  useful  work,  as  well 
as  in  matter  of  wastes  and  losses.  Power  measurements  are 
made  at  any  point  by  ammet<!r  and  voltmeter,  or  by  a  wattmeter 
alone.  A  special  teat  motor  of  known  performance  lends  itself 
admirably  to  conaparative  tests  of  the  performance  of  machines 
and  tools  under  various  couditious.  Workmen  may  know  at 
any  moment  whether  they  are  driving  tools  or  machine  to  best 
advantage  for  raasimmn  output  at  best  speeds. 

The  definite  power  required  for  definite  work  may  be  deter- 
mined and  charged  to  each  machine,  tool,  or  piece  of  work,  and 
so  make  up  the  shop  cost  of  production  more  exactly  than  by 
any  other  system.  The  power  lost  in  friction  of  individual  ma- 
chines when  running  empty  may  be  obtained  with  equal  facility 
and  compared  with  that  required  in  doing  useful  work.  It  will 
be  found  that  the  latter  increases  almost  directly  as  the  resist- 
ance being  overcome  by  the  machine  in  its  operation  under 
working  conditions.  The  power  required  by  the  work  ia  a  small 
per  cent,  of  the  total  power  delivered  to  the  machine. 
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DISCUSSION.* 


JIA/'.  J.  J),  Ii*{/{fi<. — Kloctric  transmission  is  certainly  desinfak 
for  niiiiiy  ina(;liin(.\s  about  a  large  factory,  but  for  those  manhinm 
nMiuirii)<i^  constant  speed  and  located  within  reach  of  the  OEigine- 
HMtiii,  it  seems  to  iiio  that  there  is  little  or  nothing  to  offdetthe 
;>o  per  rent,  lost  in  tnmsformation  of  power  and  the  increaaed 
cost,  of  ])hint.  I  set^  no  economy  in  driving  a  line  shaft  by  belt 
from  a  motor  when  the  same  belt  will  reach  the  engine. 

Why  not  use  belt  transmission  along  with  electric? 

If  therei  is  but  one  engine  the  belt  does  not  necessarily  need  to 
conn*  oir  before  the  generator  can  be  direct-connected. 

Prnf.  (\  //.  lifujumtn. — I  regard  this  paper  as  an  excellent 
sumuKiry  of  what  is  known  to  date  concerning  the  eccmonuc 
reasons  for  using  electric  power  in  shops,  and  the  best  methods 
of  instilling. 

I  am  glad  that  the  author  em])hasizes  the  fact  that  mere  econ- 
omy of  transmission  is  one  of  the  legist  of  the  reasons  for  using 
eUvtrieitv.  In  most  manufaoturinfi^  establishments  the  cost  <tf 
l>ower  is  so  small  e4Mn]>ai*e<l  with  the  cost  of  labor  that  power 
iH'onomies  aiv  i»f  relaiively  small  im]^K)rtance. 

It  is  true  that  mueh  ]nMver  is  unnecessarily  wasted  by  shafting 
and  Ivlts,  as  was  shown  by  the  ex^ieriments  described  in  the 
Tf\infiiU'fii'fi'^  \\'o\.  xviii.^.  in  a  ]xiivr  on  friction  horse-power  of 
faelorios.  These  experiments  showeil  that  of  the  power  devel- 
o]hh1  at  the  engine  less  than  half  usu:illy  reached  the  machine; 
furthermoiv,  tluu  sueh  frietion  loss  was  nnnecessary,  and  oooU 
be  n\lue»Hl  frov.i  over  .*»•'  lo  less  than  :?«»  fier  cent,  by  proper  care 
iv.  t^'.wii^'n  ;r'd  mainienaMv o. 

v^".  :*-.e  w:u»'.e.  e^vtri*i:y  V.;\s  not  so  far  made  a  modi  better 
^..v»\\  ■.•■.l:.  r\'.vv*.'.nev.:s  o'l  :u\ivv  maohine  tools  at  the  Baldwin 
1  vVk^v.*.x»:'.vo  ^V, -".vs.  v;vi\i  v.  :\v  iv.dividual  motors,  show  a  loss  of 
;s*\^  ev  ot'  .^\  t  V    ■  :vv  v  ;^-.:.  .:  ..o  :  '^  :r.o:or  and  counter  shaft  aloD& 

* 

Sa^v'*.  K;\:Te"'.v'.:  :*.*.'.v ':  ••.  s  ^/.vo  ;iTi  a  vonure  total  iKirBo-power  of 

.•l^^•.,.^/  ..  •■n.-.-..v:;.  n  bv  motor  and  shaft  of  8.85. 
< '..Vs..  *  .'..>:  :..\   :\.V'.-.  v:r.-.:::;stances,  heavy  loads  and 


**     X 


\\ 


^:  riving  is  reaortod  to,  the 
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losses  are  necessarily  larger.  An  article  by  the  writer  in  Caa- 
sier's  Magtisine  for  January,  1900,  gives  a  summary  of  four 
tests  on  group  drives  where  the  motor  and  sliafting  losses  range 
from  26  to  44  per  cent,  of  tiio  total  power  used. 

During  the  past  year  teats  made  in  four  manufacturiug  estab- 
lishments in  Cleveland  show  a  loss  in  motors  and  shafting  of 
from  38  to  58  per  cent,  of  tho  total  power  received. 

Thus  we  see  that  under  practical  con<litions  electrical  trans- 
mission does  not  show  much  reduction  in  friction  loss«i  as  com- 
pared with  belts  and  shafting. 

Electricity  is  being  used  'L\holly  or  in  part  by  at  least  ten  dif- 
ferent establishments  in  Cleveland,  as  a  means  of  transmitting 
power.  Five  of  these  have  been  equipped  within  the  last  two 
years. 

Electrical  transmission  is  g;uiiing  ground,  not  because  of  a  sav- 
ing in  friction  losses,  but  because  it  [lerniits  a  Itetter  arrangement 
of  buildings  and  machines,  and  fiicilitates  the  rapid  handling  and 
machining  of  work.  In  other  words,  as  the  author  of  tho  paper 
says,  it  increases  the  output  per  man  and  per  machine. 

Saving  on  the  pay-roll  and  on  the  interest  account  is  of  greater 
moment  than  fud  economies. 

The  use  of  direct  or  alternating  current,  of  individual  motors 
or  group  systems  depends  on  local  conditions.  For  isolated, 
heavy  machinery  requiring  at  least  5  liorse-power  per  unit, 
direct  current  individual  motors  seem  to  be  generally  preferred. 

In  such  cases  sjKjed  control  is  usually  effected  by  an  inter- 
mediate shaft,  but  in  some  instances  a  rheostat  is  usetl. 

Where  the  machines  are  smaller  and  are  arranged  in  groups 
driven  by  short-line  shafts,  induction  motors  are  the  favorit^, 
preferably  hung  from  the  ceiling,  and  requiring  no  more  atten- 
tion than  countershafts.  The  group  system  is  jjarticularly 
advantageous  ivhere  a  large  numlier  of  machines  of  the  same 
general  character  and  running  at  a  constant  s[)ee<l  are  employed, 
as  is  often  the  rase  with  turret  lathes  and  screw  machines. 

I  have  oollerte<l  some  diita  with  regard  to  the  actual  ^op 
efficiencies  of  motors,  direct  and  alternating,  group  and  individ- 
ual, as  uswl  ill  (li'vehmd,  ami  hope  at  some  future  time  to  present 
them  to  the  Society. 

PTiif.  D'Kjnhl  a.  Jiickson. — ^The  Secretary  was  kind  enough 
to  retjuest  me  ))y  letter  to  pre[)are  a  discussion  of  Professor 
Aldrich's  ])!Lpei\     I  h;ive  dmie  this,  but  prefer  tf>  make  it  a  dis- 
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cussion  of  the  two  pa^>ors  of  Messi*8.  Eiddell  and  Aldrich,  taken 
jointly. 

So  far  as  the  use  of  electricity  for  ]K)wer  distribution  in  mana- 
facturing  estublishments  of  reasonably  large  size  is  concerned,  it 
rixiuires  no  general  brief  to  be  submitted;  but  it  requires  sach 
pajX}rs  as  ^Ir.  Iliddeirs  only  to  make  it  more  general.  This 
adoption  has  gone  so  far  that  a  general  brief  such  as  Mr.  Aldrich 
thinks  necessary  needs  in  rejility  no  longer  to  be  prepared. 
There  are  a  great  many  specitd  details,  however,  which  do 
rc(]uire  attention,  because  full  attention  has  not  yet  been  called 
to  them.  I  had  intended  to  speak  myself  on  the  questions  par- 
ticuhirly  relating  to  s^wed  control  over  wide  ranges  of  speed, 
but  the  Secretiiry  was  kind  enough  to  say  in  his  letter  that  he 
would  be  gliul  to  have  some  one  of  our  people  who  is  expert  on 
the  subject  of  these  pai)ers  present  a  written  discussion,  if  I  could 
not  find  it  ccmvenient  to  do  so.  One  of  my  assistants,  Mr. 
Frankenfiehl^  hiis  given  a  great  deid  of  attention  to  this  ques- 
tion, and,  as  I  have  been  very  busy,  he  has  been  kind  enough  to 
write  out  for  me  some  discussion  which  I  will  read. 

''The  average  engineer  is  so  thoroughly  steeped  in  the  old 
ideas  regarding  tlie  distribution  of  power  in  manufacturing 
establishments,  that,  in  considering  the  electrical  equipment  of 
factories,  he  is  liable  to  give  the  question  of  coal-pile  altogether 
too  prominent  a  position.  The  fact  is  that  calculation  for  a  par- 
ticular Ciise  seldom  shows  enough  saving  in  coal  by  the  electrical 
drive  to  pay  interest  on  the  increased  investment.  Most  manu- 
facturers have,  from  time  to  time,  considered  electrical  equip- 
ment, and  many  have  dropped  the  subject  at  precisely  this  point. 
Tlie  n^sult  has  be<m  an  enonnous  inertia,  politely  termed  con- 
servatism, wliich  has  not  yet  been  altogether  overcome. 

*'Tliere  are  so  many  real  a^lvantiiges  in  the  electrical  drive 
that  it  would,  in  fact,  ])ay  to  install  it  even  with  an  increase  in 
the  coal  bill.  Having  decided  to  electrically  equip,  it  is  then 
well  enough  to  consider  the  f  u(»l  account,  the  criterion  being  the 
greatest  production  witli  tlie  highest  energy  efficiency.  Confin- 
ing the  present  discussion  to  but  one  of  tlio  advantages,  increased 
])r()ducti<m  (per  man,  jwr  nuK'hine,  per  unit  of  floor  apaoe),  let 
us  consi(l(*r  how  this  may  be  derived  most  fully. 

''There  are  two  methods  of  electrical  equipment,  the  gioop 
system  and  the  individual  drive.  The  group  system  iBalpres- 
em  the  more  prevalent.     This  is  due  in  large  meaaoie  to  tfae&ot 
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that  no  Special  designing  of  driven  machines  or  driving  motors 
is  required.  We  may  expect  this  system  to  prevail  in  new  in- 
stallations for  a  few  years  to  como.  It  has  many  advantages 
over  the  old  shaft  and  belt  system,  hut  its  chief  advantage  lies 
in  the  economies  incident  to  the  obliteration  of  the  so-called 
main  shaft.  In  many  sho|)s  tbis  is  not  as  yet  made  the  most  of. 
It  is  a  common  thing  to  find,  for  instance,  all  planers  grouped 
on  one  motor,  all  milling  machines  on  another,  and  so  on.  The 
result  is  that  during  periods  of  Bnancial  depression  a  number  of 
motors  are  operating  at  light  load  and  low  efficiency.  From  the 
standpoint  of  power  economy,  machines  should  l)e  grouped  so 
that  the  motors  are  always  kept  well  loatled.  In  a  large  machine 
shop,  for  instance,  it  is  well  to  have  one  motor  driving  one  group 
of  planei-s,  another  motor  another  group  of  planers,  and  so  on; 
but  in  a  small  shop  it  is  far  more  economical  to  place  a  planer, 
a  miUing  machine,  a  screw  machine,  and  one  or  two  lathes  in 
one  group,  and  to  arrange  similar  groups  so  that  a  portion  of 
the  motors  may  ho  shut  down  during  strikes  or  periods  of  finan- 
cial dejtresaion.  None  of  the  economies  resulting  from  facility 
in  changing  speeds  are  available  with  this  system.  Machines, 
however,  requiring  small  speed  variation  and  but  little  individ- 
ual power  may  he  economically  operated  on  the  group  system ; 
hut  if  the  power  per  machine  is  large,  the  direct  drive  should  be 
considered  before  making  a  final  decision. 

"Passing  at  once  to  J,hB. question  of  individual  drive,  we  are 
confronted  with  what  was  at  one  time  a  knotty  problem  for  the 
electrical  engineer.  The  lai'ge  turret  lathe  may  be  taken  as  a 
typical  nuichine,  and  also  the  typical  machine  tool  for  this  class 
of  drive,  since  its  requirements  are  most  rigid. 

"Tiieeo  i-etpiirements  are: 

'■  1.  A  wide  range  of  speed,  with  small  steps,  and  reasonably 
constant  speed  on  each  step. 

'•  3.  Economical  o[jeration  at  aJl  speeds. 

"  3.  A  constant  driving  power  throughout  the  range  of  speed; 
in  other  words,  a  maximum  driving  torque  which  varies  inversely 
with  the  tipeed. 

"4.  The  motor  must  be  reversible  and  possess  the  usual  quali- 
ties as  to  a[WLi'kh'si4  oiieration,  heating,  and  overload  capacity, 

"5.  It  iiiii^it  be  diist,-])roof. 

'■  Alternating  current  motors  meet  the  fourth  and  fifth  require- 
ments iuluiii"iljly,  liiit  iu  tlieir  present  construction  fail  to  moot 


1024      BEQCIBEMEMTS  OF  ELEOTBIOm  IN  JUXUWAXJTUUSia  WOBE. 

the  first,  second,  and  third.  The  direct-onrrent  motor  is  then- 
fore  preeminent  in  the  field,  and,  as  pointed  out  by  Profawnr 
Aldrich,  shonlfl  be  of  the  constant-pressnre  type. 

"  Two  methods  of  satisfying  these  requiremenla  are  at  pracot 
in  limited  use : 

"1.  A  standard  constant  speed  motor  is  connected  to  tin 
lathe  by  means  of  a  nest  of  variable  ratio  gears.  The  ncaie  ud 
unsightliness  are  enough  to  convince  any  one  of  how  not  to 
do  it. 

"  i.  A  variable  s)>ced  motor  of  low  range  is  oonneoted  to  tits 
lathe  throtigli  u  smaller  nest  of  gears,  a  good  argument  for  dit- 
pensing  with  change  gears  entirely. 

"  After  six  yeiirs  of  study  and  no  little  experimentation,  tba 
^vriter  feels  warranted  in  predicting  that  all  speeds  will  flnslly 
be  obtained  by  motor  control,  even  back  gears  being  diqwnsed 
with.  Any  speed  can  by  this  means  be  quickly  and  instantly  . 
obtainefl.  A  single  reduction  gearing  is  permissible  between 
motor  and  spindle,  and  this  avoids  a  motor  of  excessive  weight 
A  s[>ee(l  range  of  as  high  as  10  :  1  or  more  will  be  required.  It 
will  take  some  time  to  bring  about  standardization  in  this  lino, 
and  a  great  deal  of  engineering  inertia  must  be  overoomeu 

"  A  series  wound  motor  ^vould  at  first  thought  seem  to  nwet 
all  requirements,  hut  its  speed  regulation  is  fickle  with  "^ft^pwy 
load,  and  it  has  a  pronounced  tendency  to  raoe  on  no  load. 

''  A  cmnulative  comi)ound  motor  obviates  the  latter  diffionl^, 
but  requires  external  devices  to  obtain  a  wide  range  ot  speed 
control;  furthermore,  its  sliced  regulation  is  none  too  good. 

"  So  long  as  external  devices  are  needed,  the  shnnt-wonnd  motor 
might  as  well  Ix)  used,  its  regulation  being  better. 

"  The  two  conunon  metlioiis  of  controlling  the  speed  of  ihont- 
wound  motoi-s  are: 

"  1.  By  rheostat  inserted  in  the  armature  cirooiL 

"  2.  By  rlK^ostat  inscrtwl  in  the  field  circuit. 

"  The  first  is  inotficiciit  and  results  in  abominable  regulation. 

"The  se<»jnd,  while  highly  etticient,  is  limited  in  range  on 
account  of  s|)iirking  at  tlie  higher  speeds.  A  range  as  Idgfa  M 
;i  :  1  may  \te  obtained  by  e.\i)p.nsive  construction,  but  this  is  Tiflt  , 
Mutticicnt  to  meet  the  ret|iiireinents  of  many  tyixs  ol  machinery, 
including  that  under  sjiecial  consideration, 

"The  raulti-voltiige  system  has  been  used  to  'me  extenL  ] 
Here  the  fields  of  the  motor  are  e-xcited  at  one  ■>        ^e,  and  tlie  ] 
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armature  terminala  are  cMjnnected  as  desired  to  the  wirious  ieads 
of  a  multiple-wire  system,  intermediate  s]>eed3  being  obtained 
by  armature  or  field  rheostat  control.  This  does  not  meet  the 
requirements  as  to  torque,  and  if  the  motor  is  so  designed  as  to 
do  the  required  work  at  the  lowest  speed,  it  will  lie  operating 
below  its  rated  capacity  at  the  higher  speeds. 

"  Several  generators  are  needed  in  the  multi-voltage  system 
which  aggregate  a  larger  capatity  tlian  a  single  generator  on  the 
two-wire  system;  and  the  avenige  operating  efficiency  of  the 
several  generators  is  lower,  the  total  first  cost  and  depreciation 
greater,  and  the  provision  of  spare  units  in  the  power  plant  more 
expensive, 

"  Added  to  this  is  a  complicated  and  expensive  system  of 
wiring,  difficult  to  keep  up,  and  almost  impracticable  for  use 
with  portable  tools.  It  is  not  so  easy  to  wire  for  temporary 
installations,  and  requires  an  expert  electrician  to  make  the  con- 
nections to  the  motors;  while  an  orilinary  workman  can  do  this 
in  the  case  of  a  two-ivire  system. 

''Contradistinguished  from  these  methods  of  control  there  are 
two  methods  which  meet  all  re<]uir6ments.  In  one  the  motor 
has  an  armature  with  several  unequal  windings,  different  fixed 
speeds  being  obtaine<l  by  connecting  these  windings  in  various 
combinations,  and  intermediate  speeds  being  obtained  by  field 
rheostat  control.  In  the  other,  the  motor  is  multipohir,  and 
variations  of  speed  are  produced  by  varying  or  removing  the 
excitation  on  one  or  more  poles,  or  reversing  the  excitation  on 
some  of  the  poles.  At  least  one  pole  is  always  kept  at  full  ex- 
citation to  avoid  sparking.  In  case  of  reversal  of  the  excitation 
of  some  of  t)ie  poles,  a  prejKinderance  of  magnetic  flux  is 
niaintaine<l  in  one  direction  so  as  to  avoid  an  undesired  reversal 
of  the  direction  of  rotation  of  the  motor.  These  two  metliuds 
may  be  ust^d  in  combination,  or  separately,  or  in  combination 
with  some  otlu'r  method,  such  as  field  rheostat  control. 

"  I  will  consider  these  fonna  of  motor  in  some  detail. 

"  In  t!ip  case  of  tlie  motor  with  an  armature  which  has  seveial 
i^tivo  in  this  case)  windings,  we  have  the  following  conditions: 

"  l.rt '(  =  no.  conductors  in  long  winding. 
"    i  —    ■'  "  "  short       " 
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Obdrr  of  Stbfb. 


A  (when  a— &  <  6). 

Step.  Connection. 

1 a  +  h  (Conjunction) 

3 a 

3 h 

4 rt  —  6  (Opposition) 


B  (when  a^b>  h) 


Step.  Connection. 

1 a  -^  b  (Con j  unction) 

2 a 

3 a  -  6  (OppoBition) 

4 b 


"  For  equal  percentages  of  change  in  speed,  combinatiQii  A 
should  have  two  windings  arranged  so  that  a  :  ft  =  1.68  :  1 ;  eadi 
step  would  then  be  approximately  0C.8  per  cent,  higher  than  the 
one  l)elow  it.  If  <i  :  h  =  r>  :  3  this  condition  is  practically  fol- 
filled,  the  successive  speed  ratios  being  1.6,  1.66,  1.6,  and  the 
speeds,  siiy,  100,  KJO,  206,  801),  or  approximately  in  these  ratios. 

'^  If  in  combination  B,  a  :  h  =  5:2,  the  successive  speed 
ratios  will  be  lA,  1.06,  1.5,  and  the  sj^eeds,  say,  100,  140,  832, 
349,  or  about  in  these  ratios. 

^' Equal  increments  may  not  always  be  desirable,  and  the 
windings  may  be  arranged  to  suit  conditions.  The  range  may 
be  widened  by  any  of  the  combinations  previously  suggested. 

''  A  ])eculiarity  of  the  double  armature  is  that  when  one 
ing  is  idle,  the  coil  under  commutation  in  that  winding  acts 
a  short-circuited  secondary  to  the  commutated  coil  in  the  active 
winding.  Thus  a  large  part  of  the  self -inductive  dischaige  due 
to  the  reversal  of  current  in  the  active  coil,  is  taken  care  of  by 
the  so-called  idle  windings,  and  the  tendency  to  spark  mini- 
mized. For  this  rciison  combination  Ji  (that  is,  where  «  —  J  >  J) 
recommends  itself  where  field  rheostat  control  is  used  in  obtain- 
in«j:  the  highest  speeds. 

''In  the  case  of  pol<^  comnmtation,  a  wide  range  of  speed  is 
obtained  wlien  the  motor  is  highly  multipolar;  an  eight-pole 
machine  giving  a  ratio  of  speeds  of  5  :  1  and  a  six-pole  of  8 : 1. 
Certain  ]>oles  may  be  out  out  gradually,  the  connections  to  those 
}X)les  reversed,  and  the  excitation  applied  gradually,  thus  giving 
a  smooth  gradation  of  speed.  Just  what  the  stqps  will  be  after 
a  particular  ])olo  is  cut  out  or  reveis^il,  depends  upon  thetotel 
number  of  polos,  and  on  the  reluctances  of  the  magnetic  cirooits; 
in  other  words,  the  stops  may  be  controlled  by  the  desigii  of  the 
motor.  The  motors  ff)r  this  system  should  have  two  path  anna- 
tures. 

'^The  objection  might  be  raised  that  commutatioil  of  poikl 
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produces  an  undesirable  magnetic  ]>ull.  If  tiie  shaft  ia  mado 
heavy  this  is  no  more  serious  than  belt  jtull  in  an  ordinary  belted 
motor.  By  opera,ting  on  poles  beneath  the  centre  of  gravity  of 
the  armature  the  effect  is  reduced. 

"A  combination  of  these  two  methods  (plurality  of  armature 
windings  and  pole  commutation)  gives  an  enormous  range  of 
speed.  A  six-pole  motor  with  armatnre  windings  in  the  ratio 
of  5  :  3  will  give  a  range  of  I  :i  ;  1-,  wliile  all  the  requirements 
named  above  will  be  folfiUed.  The  electric  wiring  of  shop  cir- 
cuits in  operating  such  motors  is  the  sim[)lest  possible,  a  plain 
two-wire  system.  Such  a  motfjr  has  been  designed  to  give 
3  horse-power  at  any  speed  between  15(1  and  1,800  revolutions 
per  minatc.  Such  an  enormous  range  of  speed  meets  almost 
anyneed.  In  point  of  cost,  tliis  motor  must  be  charged  with 
one  additional  commutator,  about  double  time  re(]uired  in  wind- 
ing tho  armature,  an  extra  heavy  shaft  and  bearings,  and  a 
shghtly  more  expensive  controller  than  in  the  multi-voltage 
system.  But  these  are  counterbalanced  against  the  various  dis- 
advantages and  complications  of  the  multi-voltage  system. 

"  The  efficiency  curve  of  a  machine  for  this  class  of  work 
should  be  as  high  as  possible  at  light  load,  even  at  some  sacrifioe 
of  full  load  efficiency  and  of  regulation.  An  investigation  of 
the  various  methods  for  controlling  motor  speeds  places  them  in 
the  following  order  of  merit  as  to  efficiency: 

"  1.  Pole  commutation. 

"2.  Plural  armature  windings, 

"3.  Multi- voltage  system. 

"  Any  system  of  individual  drive  with  wide  range  of  speed 
variation  requires  a  liesivy  motor.  Such  a  system  will  pay  when- 
ever a  convenient  speed  control  largely  increases  the  earning 
capacity  of  the  driven  machinery." 

I  wished  to  bring  to  your  attention  the  question  of  speed  con- 
trol, inasmuch  as  the  jirobleni  of  variable  speeds  must  now  be 
dealt  with,  and  dealt  with  successfidlj',  or  the  convenience  and 
satisfaction  of  electric  drives  will  be  very  greatly  limited;  it  will 
be  limitetl  to  those  operations  where  a  difference  of  sjieed  is  not 
required,  or  can  still  lie  had  by  pulleys  and  other  mech&,nical 
means,  or  where  economy  may  be  sacrificed  to  convenience,  as 
in  crane  service.  This  metho<I  of  control,  which  I  have  just 
descrilMid.  deals  with  the  question  successfully,  and  it  ia  the  only 
method  which  does  so. 
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I  will  now  briefly  return  to  the  general  question.  The  applic- 
ability of  the  electric  drive  is,  in  many  respects,  greater  than 
Mr.  Aldrich  seems  to  believe;  for  exaniple,  he  is  not  jostifled  in 
the  statement  that  unless  the  plant  is  large  enough  to  demand 
direct-driven  generating  units,  an  electric  drive  should  not  be 
used.  There  are  many  plants  where  such  a  dictum  would  vir- 
tually rule  out  the  electric  drive,  on  account  of  the  great  expense 
of  the  generating  unit,  especially  where  alternating  currents  are 
desirable,  though  tlio  electric  drive  would  be  in  other  respects  of 
great  advanttige.  On  the  other  hand,  the  rope-driven  gener- 
ating unit  gives  entire  and  absolute  satisfaction.  There  is 
no  ground  for  making  tlie  limitation  so  marked  as  Professor 
Aldrich  has  done  either  in  tliis  or  in  several  other  cases  in  the 
paper. 

J/>'.  li.  A,  Wfddicomhc, — The  query  suggests  itself,  as  to 
whether  or  not  group  driving  will  Ix)  the  final  outcome  of  elec- 
tric driving  of  factories,  except  in  cases  of  large  machine  tools, 
requiring  from,  say,  2  to  3  horse-power  each,  and  these  are  in 
the  minority.  I  Avould  like  to  ask  what  the  si)eed  has  to  do 
Avith  electric  driving,  or  rather  what  electric  driving  has  to  do 
with  the  speed  ?  Has  tlie  author  not  mixed  up  the  general  ques- 
tion of  shop  economics  Avith  the  special  one  of  electric  driving? 
The  output  is,  of  course,  more  or  less  dej>endent  on  the  machine 
speed  ;  but  liis  deduction,  that  electric  driving  has  increased  the 
output  by  increasing  sjx^ed,  is  not  true.  As  we  do  not  allow 
one,  Ave  disagree  Avith  both  deductions.  The  examination  of 
modern  mucliine  tools  will  show  that  they  are  Avell  powered,  the 
spee<l  increases  are  avcU  designed  and  easily  applied. 

M/\  F,  y,  llennhain, — I  think  the  last  speaker  has  missed  the 
point.  Of  course  in  speed  alone  there  is  nothing  to  gain  by  elec- 
tric driving.  The  jxiint  is  to  be  able  to  change  the  speed  rap- 
idly, to  adapt  tlie  speed  of  the  machine  to  the  Avork  that  it  is 
doing,  and  make  it  just  as  liigli  as  possible  Avithout  having  to 
change  belts  on  cone  pulleys  or  gears,  and,  after  changing,  to 
discover  that  the  spee<l  is  too  high  and  have  to  change  back 
again.  The  object  sought  is  to  be  able  to  furnish  a  control  that 
will  enable  a  Avorkman  to  bring  the  cutting  sj)eed  up  withoat 
loss  of  time. 

In  regar<l  to  the  systems  of  obtaining  variable  sjieed  motorB, 
I  think  the  comparisons  made  are  a  little  bit  dece])tive.  In  th€ 
first  place,  if  I  renionihoi'  rightly,  it  was  stat<Hl  that  the  multi* 
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voltage  system  required  a  goml  many  dynamos.  As  a  matter  of 
fact,  it  reqmree  only  one  dynamo,  witL  a  balancing  motor- 
dynamo,  and  the  latter  docs  not  need  to  Ixj  very  large,  either,  if 
the  plant  is  of  considerable  magnitude,  so  that  the  various  tools. 
working  at  different  speerls,  iviU  balance  np  against  each  other. 
It  is  a  conceivable  condition  tliat  at  times  there  would  be  no  load 
at  all  on  the  intermediatci  lialancing  machine.  The  size  of  the 
balancing  machine  is,  of  course,  something  that  would  have  to 
be  carefully  worked  oat  for  each  individual  case. 

Another  point  is  that  tlie  multi-voltage  system  is  of  great  ad- 
vantage in  using  a  motor  that  is  standard;  it  might  be  relatively 
large,  but  the  motor  would  be  absolutely  standard. 

The  objection  as  to  coni])licated  wiring  I  think  is  not  impor- 
tant. The  multi-voltage  \\'iring  is  really  quite  simple  and  can 
be  han<lled  by  an  ordinary'  wireman. 

It  is  very  difficult  to  generalize  on  the  various  methods  of  elec- 
tric driving,  because  different  establishments  differ  so  much  in 
the  kind  of  work  they  do,  the  lay-out  of  plant,  the  peculiarities 
of  tools,  and  the  way  they  are  worked.  The  only  safe  plan  is 
to  very  carefully  work  out  each  individual  case  and  try  these 
various  methods  on  it;  but,  in  general,  the  saving  in  other 
respects  has  to  be  very  great  to  overcome  the  objection  to  any 
electric  motor  which  combines  such  special  features  as  double  or 
triple  commutators,  various  combinations  of  poles,  windings,  etc. 

One  of  the  most  important  points  in  an  electric-driven  plant  is 
to  have  one  man  who  understands  the  care  of  the  machinery  and 
to  whom  it  is  confided.  It  is  simply  astonishing  to  find  tlie 
small  amount  of  knowledge  and  the  great  amount  of  negligence 
shown  in  many  cases;  the  expense  and  loss  of  time  thereby  in- 
curred would  be  entirely  avoided  if  there  was  one  man  in  a  plant 
whose  duty  it  was  to  look  after  such  things,  and  1  am  sorry  to 
■  say  that  in  many  plants  there  is  not.  Machinery  will  run  down, 
and  yet  the  average  shop  man  thinks  that  electric  motoi-s  must 
not  be  toucliod  except  by  an  electrical  engineer.  Why,  I  have 
known  of  a  case  where,  when  the  oil  gave  out  in  one  of  the  oil 
wells  of  a  motor,  the  shaft  froze,  and  instead  of  examining  it  to 
see  what  was  the  matter,  they  sent  off  500  miles  for  an  elec- 
trician to  come  and  fix  it.  Now  this  is  a  very  important  point, 
that  the  man  in  charge  of  electrical  machinery  should  be  one 
who  understands  his  business. 

3f/:  C .  .V.  A'wi/y.— The  question  of  the  introduction  of  eleo 


1080      REQUIREMENTS  OF  ELECTRICITY  IK  MAKUFAOTUBmO  WOBK. 

trie  motors  for  tlie  driving  of  machinery  is,  of  course,  a  very  ex- 
tensive one,  and  is  susceptible  of  a  great  deal  of  consideration. 

The  discussions  this  evening,  so  far  as  I  have  nnderstood  them, 
have  referro<l  ])articularly  to  the  use  of  motors  for  driving 
machine  tools.  That  is,  j)erha])s,  a  part  of  the  use  of  motors 
which  can  bo  dofinittJy  handleil,  more  so  than  some  others,  but 
witli  a  large  establishment  the  question  is  not  only  of  machine 
shops,  but  of  other  places  as  well ;  and  it  seems  to  me  that  the 
use  of  electric  motors  in  large  works,  where  the  demands  for 
|)ower  are  scattered,  is  an  indication  of  a  greater  value  for  elec- 
tric driving  than  sini])ly  in  machine  shops. 

In  machine  sho])s  it  is  «a  question  whether  you  put  a  motor  on 
each  machine  or  use  one  to  drive  several  machines.  With  very 
large  machines  no  doubt  an  individual  motor  to  each  one  is  the 
pro|>er  thing.  Our  electricians  will,  perhaps,  explain  to  us  what 
they  can  do  in  the  Avay  of  building  small  machines,  and  at  the 
same  time  making  them  practicable. 

The  question  of  change  of  speed  is  a  very  important  one,  and 
we  find  it  important  not  only  in  machine  shops,  but  in  other 
places.  In  large  works  tlie  problem  is  very  complicated.  We 
have  found  in  inaiiv  oases  that  motors  have  been  valuable  to 
us,  not  only  owing  to  tlie  convenience  in  putting  them  in  iso- 
lated 2)laces,  but  also  in  places  where  it  was  not  convenient 
to  run  steam  ])ii>es;  and  where  the  works  occupy  perhaps  a 
space  of  half  a  mile  long  we  can  thoroughly  appreciate  that 
advantage. 

The  question  of  making  motors  that  will  resist  the  action  of 
chemicals  and  of  foreign  substances  is  a  matter  in  which  some  of 
us  an^  int(»rested  and  about  which  we  shall  be  glad  to  have  con- 
siderable^ exphination.  Also  the  other  question  of  easily  chang- 
ing spee<ls;  I  think  that  is  a  very  ini])ortant  matter,  and  it  looks 
as  if  the  electricians  themselves  were  somewhat  in  the  dark  as  to 
what  was  best  to  do  in  the  direction  of  making  something  that 
would  be  easily  and  simply  changed  in  sj)eed. 

I  feel  greatly  interest(Ml  in  this  problem  because  we  have  these 
matters  constantly  coming  up,  and,  as  I  say,  in  very  peooliar 
situations.  The  inotors  luive  come  to  our  assistance  witli  grati* 
fving  results;  and  yet  we  cannot  accept  the  motor  problem 
perhaps  some  others  can. 

The  (juostion  as  to  what  you  are  going  to  do  with  yoor 
after  it  ])asscs  through  your  engine  is  an  important  proUem. 
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Frequently  it  is  better  to  pot  the  engine  directly  on  to  a  machine 
and  isolated  from  the  boiler,  simply  beciose  we  want  tiie  heat 
there;  and  in  many  cases  the  steam  is  more  imimrtant  for  heat- 
ing purposes  than  it  is  for  engine  driving;  then  the  engine 
becomes  simply  a.  reducing  valve,  in  which  case  it  does  not  ])ay 
to  put  in  a  motor. 

There  certainly  is  a  broati  field  for  the  use  of  raotore,  and  for 
one  I  would  bo  very  glad  to  have  any  light  that  our  electricians 
can  give  us. 

ifr.  S.  L.  (f.  Kjwx. — I  consider  the  point  made  by  Mr.  Hen- 
shaw  about  the  man  who  handles  the  motor  in  the  shop  very 
important.  On  a  trolley  car  or  on  a  crane  the  operator  is  hired 
to  run  motors,  aud  if  ho  does  not  run  tbem  properly  another 
man  is  obtainetl  who  will  run  them  properly.  liut  in  a  printing- 
office  or  a  machine  shop  yon  cannot  have  a  satisfactory  operator 
to  start  and  stop  the  tool  or  the  press;  the  men  are  prejudiced 
against  motors  because  they  have  always  used  mechanical  drives, 
aTid  if  they  are  good  pressmen  and  good  machinists,  that  is  all 
the  shop  managers  want  of  them.  Power  in  the  average  shop 
costs  anywhere  from  1  to  2  per  cent.,  and  the  labor  and  mate- 
rial, of  course,  the  rest;  the  manager  always  prefers  a  man  who 
is  the  best  machinist  or  printer,  and  he  does  not  care  what  he 
<loes  with  motors  or  controllers.  Therefore  the  system  adopted 
is  particularly  important.  There  is  one  argument  in  favor  of 
the  standard  motor  that  goes  wit.ii  the  multi-circuit  system,  be- 
cause it  is  an  older  and  lietter  established  and  better  mannfao- 
tured  jiiece  of  apparatus  always  than  a  special  machine,  and  that 
might  outweigh  quite  a  little  complication  in  the  contraller.  I 
cannot  say  that  there  is  any  more  complication  about  it,  because 
arniatiiro  control  does  not  bring  in  any  more  complication  than 
the  changing  of  fields,  etc.  One  point,  liowcver,  is  that  in  a 
small  plant  with  the  multi-circuit  system  the  balancing  gener- 
ator must  have  capacity  nearly  eijual  to  the  main  dynamo.  It 
is  a  mistake  to  say  that  it  only  need  have  part  of  it,  because  in 
a  small  circuit  you  are  apt  to  have  the  whole  load  on  one  side  at 
one  time.  In  a  bigger  plant  the  capacity  needed  in  the  bal- 
ancing machines  decreases  because  the  law  of  averages  takes  care 
of  it.  Those  who  have  had  experience  with  the  installation  of 
motors  in  machine  shops  often  jjrefer  that  the  men  would  leave 
them  aluno.  So  it  becomes  desirable  in  a  shop  where  there  is 
an  electric  nmtor  installation  to  have  a  special  man  who  does  the 
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trie  motors  for  tlio  driving  of  machinery  is,  of  oourse,  a  very  ex- 
tensive one,  and  is  susceptible  of  a  great  deal  of  consideration. 

The  discussions  this  evening,  so  far  as  I  have  understood  them, 
have  referred  jmrticularly  to  the  use  of  motors  for  driving 
machine  tools.  That  is,  ])erha])s,  a  part  of  the  use  of  motors 
which  can  bo  definitely  handled,  more  so  than  some  others,  but 
with  a  large  establishment  the  question  is  not  only  of  machine 
shops,  but  of  other  ])laces  as  well ;  and  it  seems  to  me  that  the 
use  of  electric  motors  in  large  works,  where  the  demands  for 
|)ower  are  scattered,  is  an  indication  of  a  greater  value  for  elec- 
tric driving  than  simply  in  machine  shoi>s. 

In  machine  shoi)s  it  is  a  question  whether  you  put  a  motor  on 
each  machine  or  use  one  to  drive  several  machines.  With  very 
large  macliinc^s  no  doubt  an  individual  motor  to  each  one  is  the 
proi)er  thing.  Our  electricians  will,  perhaps,  explain  to  us  what 
they  can  do  in  the  way  of  building  small  machines,  and  at  the 
same  time  making  them  2)racticable. 

The  question  of  change  of  speed  is  a  very  important  one,  and 
we  find  it  important  not  only  in  machine  shops,  but  in  other 
places.  In  larger  works  the  problem  is  very  complicated.  We 
have  found  in  manv  cases  that  motors  have  been  valuable  to 
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us,  not  only  owing  to  the  convenience  in  putting  them  in  iso- 
lated j^laces,  but  also  in  places  where  it  was  not  convenient 
to  run  steam  ])i]ies;  and  where  the  works  occupy  perhaps  a 
space  of  half  a  mile  long  we  can  thoroughly  appreciate  that 
advantage. 

The  question  of  making  motors  that  will  resist  the  action  of 
chemicals  and  of  foreign  sul)stances  is  a  matter  in  which  some  of 
us  are  interested  and  about  which  we  shall  be  glad  to  have  oon- 
sidenil)le  explanation.  Also  the  other  question  of  easily  chang- 
ing speeds:  I  think  that  is  a  very  important  matter,  and  it  looks 
as  if  the  electriciuTis  themselves  were  somewhat  in  the  dark  as  to 
what  was  best  to  do  in  tli(^  direction  of  making  something  that 
would  be  easily  and  si]ni)ly  changed  in  si.)eed. 

I  fe(4  greatly  inten^stcMJ  in  this  problem  because  we  have  these 
matters  constantly  coming  up,  and,  as  I  say,  in  very  peooliar 
situations.  The  motors  have  come  to  our  assistance  with  gratii* 
fying  results;  and  yet  we  cannot  accept  the  motor  problem 
perhaps  some  others  can. 

The  (juesticm  as  to  what  you  are  going  to  do  with  your 
after  it  passes  through  your  engine  is  an  important  praUleili. 
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Frequently  it  is  better  to  put  the  engine  directly  on  to  a  macliine 
and  isolated  from  the  boiler,  simply  because  we  want  the  heat 
there;  and  in  many  oases  the  steam  is  more  imjiortant  for  heat- 
ing purposes  than  it  is  for  engine  driving;  then  the  engine 
becomes  simply  a  reducing  valve,  in  which  case  it  does  not  pay 
to  put  in  a  motor. 

There  certainly  is  a  broad  field  for  the  use  of  luotors,  and  for 
one  I  would  be  very  glad  to  have  any  light  that  our  electricians 
can  give  us. 

Mr.  S.  L.  G.  Knox. — I  consider  the  point  made  by  Mr.  Hen- 
shaw  about  the  man  who  handles  the  motor  in  the  shop  very 
important.  On  a  trolley  car  or  on  a  crane  the  operator  is  hired 
to  run  motors,  and  if  ho  does  not  run  them  properly  another 
man  is  obtained  who  will  run  them  i)roi>erly.  But  in  a  printing- 
office  or  a  machine  shop  yon  cannot  have  a  satisfactory  ©ijerator 
to  start  and  stop  the  tool  or  the  press;  the  men  are  prejudiced 
against  motors  because  they  have  always  used  mechanical  drives, 
and  if  they  are  good  pressmen  and  gixxl  machinists,  that  is  all 
the  shop  managers  want  of  them.  Power  in  the  average  shop 
costs  anywhere  from  1  to  2  jier  cent,,  and  the  labor  and  mate- 
rial, of  course,  the  rest;  the  mana^r  always  prefers  a  man  who 
is  the  best  machinist  or  printer,  and  he  does  not  care  what  he 
does  with  motors  or  controllers.  Therefore  tlie  system  adopted 
is  particularly  important.  There  is  one  argtmient  in  favor  of 
the  standard  motor  that  goes  irith  the  multi-circuit  system,  be- 
cause it  is  an  ohlor  and  better  established  and  better  niannfac- 
turp<l  piece  of  apparatus  always  than  a  special  machine,  and  that 
might  ontweigli  quite  a  little  complication  in  tlie  controller.  I 
cannot  say  that  there  is  any  more  complication  about  it,  because 
armature  control  does  not  bring  in  any  more  complication  than 
the  changinjf  of  fields,  etc.  One  ]x>int,  however,  is  that  in  a 
small  plant  with  tlie  multi-circuit  system  the  balancing  gener- 
ator must  have  capacity  nearly  equal  to  the  main  dynamo.  It 
is  a  mistake  to  say  that  it  only  need  have  part  of  it,  because  in 
a  small  circuit  you  arc  apt  to  have  the  whole  loa*l  on  one  side  at 
one  time.  In  a  bigger  plant  the  capacity  needed  in  the  bal- 
ancing machines  decreases  because  the  law  of  averages  takes  care 
of  it.  Those  who  have  had  experience  with  the  installation  of 
motors  in  machine  ahojjs  often  prefer  that  the  men  would  leave 
them  alone.  80  it  becomes  desirable  in  a  shop  where  there  is 
an  electric  nmtor  installation  to  have  a  special  man  who  does  the 
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whole  work,  for  two  reasons:  first,  that  the  man  at  the  maohiiie 
does  not  know  how;  and,  second,  he  does  not  care. 

Mr.  BoUes, — In  si)eiiking  of  the  necessity  of  large  capacity  for 
the  nmltiple-volUige  machine,  I  might  cite  one  plant  that  we 
have  installed,  having  a  cajxicity  of  500  kilowatts  in  genefators, 
and  50  kilowatts  in  the  multiple-voltage  machine.  There  are 
73  motors  installed,  with  a  total  capacity  of  822  horse-power. 

Mr.  F,  li.  Lou\ — I  would  like  to  ask  how  far  that  principle 
which  consists  in  withdrawing  part  of  the  field  is  applicable  to 
this  subject?  By  withdrawing  part  of  the  field,  the  speed  of 
the  motor  Avould  be  gradually  decreased. 

Mr,  jr.  G.  Jielisi. — The  remarks  made  by  the  speaker  in  refer- 
ring s])ecially  to  nuK'hine  tools  and  their  work  might  be  ex- 
tended, I  think,  to  almost  every  variety  of  work.  I  have  in 
min<l  esiKJcially  the  work  in  cotton  mills.  There  the  engines — 
if  the  mills  are  engine  cU'iven — are  generally  so  speeded  as  to 
drive  the  machinery  to  as  high  a  limit  as  ]x>ssible;  but  on  damp 
days,  when  the  l)elts  slip  and  stretch  more  than  usual,  the 
machines  slow  up,  and  thus  reduce  the  production  just  that 
ainount.  This  shows  the  desirability  of  omitting  belts  as  far  as 
possible,  and  keeping  the  speed  up  to  the  maximum  at  all  time& 
Also  in  weaving  machinery,  a  uniform  s|)eed  is  very  desirable, 
and  this  can  l>e  tetter  obtained  l)y  motoi*s  than  by  belting. 

One  of  the  s|)eakers  asked  regarding  the  use  of  motors  in 
j)laces  Avhere  corrosive  chemicals  are  used  or  where  motoiB  are 
exposed  to  dirt  or  grit.  I  might  say  that  such  difficulties  are 
usually  solved  by  using  an  enclosed  motor  or  by  the  use  of  an 
induction  motor.  I  had  occasion  within  a  few  days  to  visit  a 
plant  which  Avas  e<]uipped  with  induction  motors,  and  which, 
from  the  nature  of  tlie  work  that  was  being  done,  was  in  an 
exc(»edingly  dirty  ])lace,  but  it  did  not  seem  to  injuriously  affect 
the  o{)eration  of  the  motors.  At  this  particulftr  place  the  plant 
was  equipjKKl  with  air  pipes  carrying  compressed  air  for  the  more 
important  motoi*s,  so  that  they  could  ])e  cleaned  readily  ;  but 
even  that  did  not  seem  to  be  neoesstiry  for  motors  of  this  dass. 

The  autlior  of  this  ])aix^r  has  covered  the  subject  so  thorouglily 
that  little  more  (;an  l)e  addtMl.  T  wish  to  express  my  apprecda- 
tion  of  the  paper,  and  1  ivtiA  that  the  Society  is  to  be  CQngnHi- 
lated  on  having  two  such  papers — the  one  which  the  author  read 
a  year  atjfo  and  this  ono — on  this  subject. 

Prof,  )r.  s,  JohiiHon. — I  would  like  to  mention 
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where  electricity,  taking  tim  place  of  a  belt  drivti,  has  sorred 
a  purpose  which  cannot  be  served  by  a  belt  drive.  Two  or  three 
years  ago  I  placed  upon  n  pi-intiug-presa  for  the  Chicago  ^'ewa 
a  coatroller  for  the  motor  running  the  press.  Of  course  you  all 
understand  that  absolute  uniformity  of  speed  la  a  non-essential 
with  a  printing-press,  but  it  is  very  iiiiiwrtant  that  there  may 
be  perfect  control  of  the  s[)ee(l  of  the  press,  a  printing-press 
being  of  such  a  complicated  nature,  and  the  paper  Ijeing  so  eiisily 
torn.  The  pressman  must  iio  all  about  the  jn-ess,  and  must  be 
enabled  to  control  its  speed  from  every  direction.  Kow  a  series- 
wound  motor  runs  this  press  to  which  I  have  reference.  There 
is  placed  upon  the  press  a  pneumatic  control  sjwed  regulator. 
In  fact,  there  are  several  of  these  stationed  about  at  ten  different 
places  on  the  jiress,  where  the  pressman  can  control  the  speed, 
lie  places  his  finger  upon  n  button  and  presses  it,  whereupon  the 
press  starts  and  continues  tn  accelerate  in  speed  until  he  removes 
his  finger,  when  the  speed  will  remain  constant  until  be  manipu- 
lates the  machine  in  some  other  way.  He  ivatches  until  he  sees 
that  everything  is  running  riglit,  and  then  goes  around  to  the 
other  side  of  the  press,  peihups,  where  be  may  want  to  observe 
something,  and  puts  his  finger  on  another  button;  the  press 
begins  to  slow  down  until  lie  takes  hia  finger  off,  when  it  rnna 
at  the  speed  he  left  it  until  he  is  satisfied  or  has  observed  what 
he  wantetl  to.  lie  then  puts  his  finger  on  the  first  button,  and 
again  accelerates  the  speed.  It  does  not  make  any  difference  at 
what  part  of  the  jiress  he  is,  if  he  is  moving  about  and  observes 
that  the  paper  is  Iwjginning  to  toar,  or  that  anything  is  happen- 
ing which  is  not  right,  ho  touches  a  Uiird  button  and  the  press 
stops  instantly,  Xow,  that  cannot  be  done  with  belt  transmis- 
sion in  any  |iossible  way. 

jT/a  Jlennhaw. — It  is  so  easily  manipulated  that  you  can 
do  things  you  cannot  possibly  do  by  belt  transmission.  For 
example,  in  a  large  steel  works  in  Pennsylvania  they  are  catting 
I-boiims  with  a  saw  driven  by  an  electric  motor;  the  beams  are 
put  on  a  table  and  the  table  is  driven  by  a  small  motor.  In 
front  of  the  operator  is  an  ammeter  in  circuit  with  the  small 
motor.  With  a  saw  of  that  kind  you  can  jmt  on  almost  an 
unlimited  load.  The  operator  can  control  that  perfectly.  lie 
kee|is  pressing  the  beam  up  against  the  saw,  keeping  the  noodle 
of  the  ammeter  at  the  top  point,  and  he  can  reverse  and  pull  it 
back  at  any  instant.     This  is  a  pretty  little  contrivance  whereby 
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the  o{)erator  can  cut  at  the  very  highest  speed  at  all  times  with- 
out any  danger  of  exceeding  the  capacity  of  his  machine. 

I  would  like  to  draw  attention  to  section  vii.,  paragraph  6,  of 
Mr.  Aldrich's  ])a})er.  I  think,  with  reference  to  using  electric 
power  in  machine  shops,  that  the  reason  set  forth  in  the  claose 
relating  to  2)ortable  tools  is  going  to  be  of  tremendous  impor- 
tance. The  use  of  portable  tools  is  so  advantageous  in  vast  num- 
bers of  shops  that  I  think  it  is  only  necessary  to  see  such  took 
used  once  to  ap})reciate  this  fact.  The  electric  motor  makes 
such  tools  possible,  and  I  think  that  will  have  a  great  influence 
on  the  future  use  of  electricity  in  machine  shops. 

Mr.  litint, — ^Eeferring  to  the  advantage  of  being  able  to 
vary  the  si)eed  of  motors,  I  miglit  mention  another  applica- 
tion. That  is,  tlie  ])ossibility  of  varying  the  speed  of  the  work 
while  the  machine  is  in  motion,  as,  for  instance,  in  the  case  of 
a  boring  mill.  With  such  a  m^ichino  it  is  desirable  to  keep  a 
constant  cutting  sliced  Avliile  making  a  radial  cut,  independent 
of  the  diameter  at  Avhich  tlio  turning  is  being  done.  This  can 
readily  bo  accomplislicd  automatically  by  means  of  motors,  but 
it  could  not  bo  done  to  advantage  by  an  ordinary  drive  from  line 
of  shafting. 

31  r.  S.  T.  Wellmati. — One  of  the  most  useful  places  in  which 
electricity  has  been  applied  for  manufacturing  purposes  is  around 
iron  and  steel  works.  It  has  been  employed  very  successfnUy 
in  all  sorts  of  moving  machines,  rolling-mill  tables,  and  for  all 
])urposes  where  small  engines  have  heretofore  been  used,  and  the 
saving  in  money  and  the  increase  in  the  amount  of  work  that  is 
gotten  out  is  something  enormous.  A  very  large  measure  of  the 
increase  of  the  work  of  the  modern  rolling  mill  to-day  over  what 
it  was  a  few  years  ago  is  duo  to  the  application  of  electricity  in 
tliese  diiferent  ways,  and  I  liope  at  some  future  meeting  we  shall 
have  a  paper  dealing  very  fully  \dt\x  this  application  of  dao- 
tricitv. 

j\fi\  John  liiddelL — Speaking  of  the  economy  of  a  direct-con- 
nected as  compared  Avitli  a  belted  motor,  I  would  like  to  men- 
tion a  ^n.foot  boring  mill  that  had  lx>en  running  for  about  ten 
years  willi  a  belt  drive.  As  it  was  an  extension  mill,  more  belts 
were  r(Miuire<l  tlian  would  be  necessary  on  a  mill  with  stationary 
housings.  In  the  cas(^  n^ferred  to  thei*o  Avere  eight  belts  in  alL 
It  will  b(^  im(l(?rstoo(l  by  ]'eferring  to  the  diagram  (Fig.  488),  that 
these  eight  belts  were  not  all  in  use  at  the  same  time  or  whw 
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the  mill  was  actually  at  work.     There  would,  however,  be  four 
of  them  running  when  the  table  of  the  mill  was  turning. 

In  order  to  make  a  fair  test  between  the  two  methods  of  driv- 
ing, the  mill  was  run  in  both  cases  at  varying  speeds,  without 

TABLE 

Showtno  Material  Usbd  -with  Bklt  Dritk, 

12-iiich  (ionble  tUick  bell S6  reet 


Total  mimber  of  feet  of  tielt  , 
imber  iif  feet  nf  3  -inch  shaft. . . 


881  feet 
80  feet 


I.  pulley  X  40-iQcb  face. , 

"       X  80-  " 
■'       X  15-  " 


"clutches  • 1 
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any  work  en  tlio  table.  The  inaximum  amount  of  power  oon- 
suinotl  with  the  belt  drive  was  in.ii  horse-power,  and  under  the 
siuiie  condition  with  a  direct-connected  motor  6.6  horse-powCT 


F[«.  4t7. 

only  was  niiniir*!,  siiowiiig  -a  saving  of  4  liorse-powor  in  &T(n 
of  tlio  (lin-rt  driv.'. 

In  onnni'ctiiig  tlio  irintor  direct  to  tlie  mill,  the  amuttare  ma 
))];ici'(]  on  a  broiiKf!  liushing  to  run  in  the  place  which  the  oone 
oi-iginally  occnpioii.  In  (»r(lcr  to  got  the  fall  range  of  Bpeed 
peqnirod.  ono  I'xtca  |)iui'  of  lim-k  gciirs  waa  piit  on,  and  we  ez- 
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perienced  no  difficulty  in  getting  a  speed  fast  enough  to  bore  or 
turn  as  small  as  l:i-incli  diameter,  or  slow  enough  to  turn  20-foot 
diameter  of  steel  casting. 

The  diagram  of  shafting  and  belts  (Fig.  43(i),  together  with 
the  table  of  material  usetl.  will  give  some  idea  of  what  is  required 
to  run  a  mill  of  this  size  with  belts. 

The  sketch  (Fig.  437)  showing  the  direct  connection  speaks 
for  itself. 

I  also  know  of  a  10-foot  planer  that  ivas  originally  driven  by 
a  motor  and  belts.  The  belts  were  replaced  by  a  direct-con- 
nected motor  through  a  pair  of  magnetic  clutches,  and  on  work 
5  feet  or  6  feet  long  it  is  Siife  to  say  that  2.5  jMsr  cent,  more  work 
can  be  turned  out  by  this  jilaner  than  when  connected  by  the 
belt  drive,  because  of  the  quick  changes  it  makes. 

It  is  almost  impossible  to  run  a  planer  of  this  size  at  a  stroke 
of  less  than  3  feet,  as  nearly  the  whole  of  the  stroke  would  be 
required  to  bring  the  platen  up  to  speed  ;  whereas  by  the  use  of 
the  clutches  the  platen  is  almost  at  speed  at  the  moment  of  re- 
versal, or  at  least  before  it  has  travelled  '2  inches.  The  principal 
reason  for  this  is  that  the  clutches  run  in  the  same  direction  con- 
tinuously, leaving  nothing  to  be  reversed  but  a  light  sleeve  with 
a  disk  at  either  end,  while  with  a  belt  drive  the  pulleys  must  be 
reversed.  This  also  accounts  for  the  saving  of  (Kiwei-  at  the 
time  of  reversid. 

Connected  with  belts,  the  maximum  power  required  was  34.67 
horse-[K)wer  at  the  moment  of  reverse  to  run  back.  Direct-con- 
nected, at  the  mtiment  of  reverse  to  run  back,  only  24.4  horse- 
power is  reijuired,  a  saving  of  over  10  horse-^wwer  for  the  direct 
connection.  The  power  required  on  the  cut  and  return  remains 
practically  the  same  as  with  tlie  l>elt,  but  slightly  in  favor  of 
direct  connecting. 

ProfeiuiOf  Al'lrich* — When  the  liistory  is  written  of  the  intro- 
duction of  electricity  into  manufacturing  work,  electrical  engi- 
neers themselves  will,  no  doubt,  bo  somewhat  blamed  for  many 
erroneous  opinions  and  frequently  unfounded  arguments. 

The  several  discussions  have  taken  an  interesting  turn,  espe- 
cially with  reference  to  the  saving  effected.  Electricity  requires 
no  case  of  special  pleading.  It  does  not  enter  such  a  category. 
It  is  here  and"  to  stay.     If  you  want  to  use  it,  do  so  and  |>ay  for 

*.^uili.)r*s  cU«ure,  nu.k-r  llie  I^hIl-s. 
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what  you  get.  It  is  in  its  field  perfectly  analogOTis  to  the  em- 
ployment of  skilled  labor.  Its  introduction  is  not  forced  upcm 
you.  If  you  wish,  accept  what  it  offers  ;  adopt  it,  and  get  more 
out  of  it  |)er  dollar  invested,  even  as  in  the  case  of  the  piece- 
rate  system,  than  you  have  gotten  heretofore  by  any  other  plan. 
In  other  words,  electricity  enables  you  to  do  what  you  cannot 
do  by  any  other  system.  It  gives  the  operator  that  control, 
facility,  and  independence  of  action  now  absolutely  eesential 
from  tlie  standpoint  of  the  management  of  men  and  of  workshop 
ethics  and  economics.  An  operator  can  rarely  be  persuaded  to 
speed  up  his  machine  with  the  belt  system.  Even  if  he  oouldy 
the  limit  is  soon  reached.  With  an  electric  drive  he  does  not 
hesitate  to  turn  the  lever,  speed  up  the  machine,  and  turn  oat 
more  Avork  per  given  expenditure  of  time  and  labor  than  his 
next-do<3r  neiglibor.  Almost  all  manufacturers  recognize  the 
advantage  of  it.  The  analogy  between  electric  driving  and  the 
piece-rate  system  simply  lies  in  a  recognition,  in  dollars  and 
cents,  of  wliat  a  workman  is  able  to  do.  It  is  a  question  of  the 
economy  of  production. 

With  reference  to  the  alternating-current  system,  it  is  inter- 
esting to  note  that  some  manufacturers  think  that  it  is  going  to 
solve  the  whole  problem.  A  case  reported  first-hand  to  me  was 
that  of  an  engineer  in  charge  of  an  alternating-current  instal- 
lation, who  stilted  that  most  singular  plienomena  were  being 
observed:  namelv,  tliat  under  no  load  the  ammeter  showed  78 
ampores;  under  half  load,  70  amix^^res;  and  under  full  load,  65 
amperes;  and  that,  therefore,  the  alternating  current,  p&r  m, 
must  l>e  the  tiling,  l>ecause  you  spend  the  least  energy  under  full 
load. 

Aside  from  this,  however,  the  fact  remains  that  the  electric 
drive  d(K»s  give  such  increased  ])roduction  of  an  old  machine  that 
may  bring  it  up  to  and  very  probably  exceed  that  of  an  entirely 
new  machine  costing  several  thousand  dollars  more.  On  the 
other  hand,  if  a  new  niiicliine  is  placed  in  the  factory  and  driven 
by  belt  transmission,  its  capiicity  is  at  once  limited,  and  it  is 
made  to  fall  into  line  and  keep  g^iit  with  the  old  belt  system. 
Why  take  an  expensive  machine  tool  with  a  skilled  operator  and 
harness  it  to  a  draught  horse?  Instances  will  occur  to  yoa 
where  an  old  machine  driven  by  electricity  will  eioeed  in  cufepiat 
a  thoroughly  uj)-to-date  mjicliine  tool  driven  by  the  belt  system. 

it  is  a  simple  (juestion  of  what  you  are  going  to  do  aboat  it; 
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that  is,  whether  to  pat  in  new  tools  and  drive  them  by  belts,  or 
to  put  in  an  electric  drive  for  the  tools  you  may  chance  to  have 
on  hand.  Not  even  a  fifth  or  sixth  rate  factory  is  going  to  work 
by  candles  or  torches  when  it  can  Iiave  incandescent  lights,  for 
it  is  a  very  simple  matter  also  to  run  a  wire  for  this  service. 
This  is  the  question  coming  to  the  front:  What  are  you  going 
to  do  to  increase  the  output  ?  You  cannot  stand  still,  and  yet 
there  is  perhaps  very  limited  floor  space.  As  lias  been  indicated 
in  the  paper  and  in  several  of  the  discussions,  it  can  be  better 
solved  by  the  electric  drive  than  in  any  other  way.  When  it 
comes  to  establishing  a  new  factory,  you  cannot  afford  to  drive 
modem  machine  tools  in  the  good  old  «'ay,  unless  you  wish  to 
limit  the  output  instead  of  driving  up  to  "  the  destructive  Umit " 
of  the  cutting  tool.  Work  cannot  be  gotten  out  of  cutting  tools 
by  the  belt  system  that  can  be  secured  by  using  the  electric 
drive.  If  the  electric  system  is  installed,  tools  may  be  worked 
up  to  "the  destructive  limit,"  as  it  has  been  termed,  and  there- 
fore maximum  output  obtained  under  the  most  economic  con- 
ditions, at  the  highest  cutting  speeds  allowed  by  tool  steel  of  the 
best  grades  furnished  by  the  market. 
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The  systems  which  are  about  to  be  explained  are  not  all  suited 
to  every  kind  of  manufacturing  business.  Certain  parts  are^  how- 
ever, so  general  that  they  could  with  slight  modifications  be 
used  to  advantage  in  a  great  many  shops. 

The  fundamental  principle  of  these  systems  is  that  eveiything 
pertaining  to  the  construction  of  the  machines  most  originate  in 
the  drafting  room  and  that  everybody  in  the  shop,  nnoluding 
the  foreman  and  all  pattern  makers,  must  be  guided  solely  by  the 
lists  and  orders  emanating  from  that  department. 

The  designing  l)eing  done  in  the  drafting  room,  that  depart- 
ment should  be  made  to  assume  the  responsibility  not  only  for  the 
general  design  of  the  machines  built,  but  for  every  part  needed  to 
make  up  a  complete  machine,  and  as  the  drafting  room  is  with- 
out question  the  proper  place  to  keep  records  of  the  machines 
built,  it  is  quite  evident  that  tlie  inacliines  should  be  bnilt  entirely 
according  to  its  orders,  so  that  the  records  may  be  accurately 
kept. 

Before  beginning  the  description  of  systems  there  is  one  thing 
T  would  like  to  say  in  regard  to  the  communications  between  the 
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different  departments,  viz.,  verlKtl  onlers  or  iiistnictiniiB  shotiKi  not 
be  allowed. 

The  first  subject  to  be  considered  will  bo  Drawings  ami  Trar 
cings,  thej'  being  first  in  tlie,  tintiirul  order  of  tilings. 

The  drawing  we  will  disjrose  of  at  once,  it  being  simply  tlie 
necessary  step  to  the  making  of  a  tnwitig.  As  soon  as  the  tracing 
is  made  the  pencil  drawing  is  usually  destroyed,  Ijeing  of  no  further 
use. 

For  tracings,  the  following  rules  have  been  found  excellent: 

1.  Put  only  one  piece  on  a  tracing. 

2.  Do  not  put  all  view%  of  a  piece  requiring  several  views,  on 
one  tracing. 

3.  Keep  down  the  sizes  of  tracings  by  drawing  to  as  small  a 
scale  as  will  show  clearly. 

Rules  1  and  2  are  somewhat  elastic  and  can  be  stretched  a  little 
to  cover  exceptions. 

I  will  now  give  you  some  of  the  reasons  why  the  above  rules 
are  good,  and  the  difficulties  encountered  if  they  are  not  followed. 

In  the  fii'st  place,  if,  as  is  very  often  the  case,  one  piece  should 
be  used  in  a  number  of  different  sizes  of  machines,  one  tracing  of 
it  and  one  blue  print  in  tho  shop  is  enough  if  it  is  on  a  tracing  by 
itself.  On  the  other  hand,  if  it  bo  shown  on  a  sheet  with  other 
jKirts,  and  any  one  of  these  parts  should  be  different  or  changed  in 
any  respect  in  making  another  machine,  it  would  necessitate  mak- 
ing a  new  drawing  of  all  the  parts  on  this  drawing. 

Having  more  than  one  part  on  a  tracing  would  necessitate  hav- 
ing more  than  one  blue  print  in  the  shop  so  that  the  different 
parts  can  be  made  at  the  same  time. 

Another  reason  for  singling  out  the  pieces  on  tracings  is  that 
the  oftener  the  tracings  an;  reproduced  thegreater  is  the  liability 
for  niistJikcs  to  occur. 

It  will  also  be  seen  that,  if  after  a  piece  has  been  shown  on  sev- 
eral tracings  it  should  be  found  necessary  or  advisable  to  change 
this  piece,  an  entire  new  set  of  tracings  and  blue  prints  would  be 
required,  wliereas  in  the  other  case  one  new  tracing  and  one  new 
blue  print  would  suffice. 

To  illustrate  this  point,  I'efer  to  Fig.  438,  which  shows  two  tra- 
cings, one  of  tlieni  of  a  cjli  rider  head  plate  with  the  acorn  nut  for 
holding  it  in  place.  This  saTne  nut  is  used  with  fifteen  or  twenty 
different  plates,  and  if  it  had  been  traced  with  each  plate  tliere 
wouhl  have  been  that  nuin  l)i?r  of  tracings  of  the  same  piew?. 
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Kule  2  carries  this  idea  a  little  farther.  In  the  case  of  a  piece 
requiring  several  views,  these  views  should  be  grouped  on  several 
sheets  so  that  changes  in  the  piece  can,  if  necessary,  be  made  witli- 
out  niakingnew  tracings  of  all  the  views.  Figs.  439  and  440  show 
this  idea  applied  to  a  pair  of  cylinders.  In  this  case  two  of  the 
tracings  K-919  and  K-920  are  used  in  connection  with  either 
K-918  for  a  pair  of  16  and  30x18  cylinders  or  with  £-941  for  a 
pair  of  15  and  30x18  cylinders. 
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Another  iKlvantiigt;  of  tliis  rule  is  that  when  dnpltoate  pieon 
iii-u  Ix'iiig  wui-k<-il  iin  tit  the  siiiiiu  tiiiio  but  not  at  the  Bame  pro- 
cess, tiii^  wiii'kinon  r:u\  Ixilli  h;ivu  small  blue  printa  Bhowing  the 
li!irti<'u[iii'  views  lUH-fssiii-y  fur  their  work,  TrhereHS  if  all  the 
views  were  .,ii  one  sheet,  large  (hipliciite  blue  printo  WOldd  !>• 
necessjijT. 

Til  reL^anl  to  Uiile  ;'.,  I  liavc  h(^on  gi-eiitly  surprised  '  0  And  tint 
TiiJiiu"   of   ihe   lar^^'st   muniifaeiuring  concerns  in  t]  k  i 
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make  tracings  almost  as  largf  :ls  hed  (juilts  (which  name  I  have 
heard  applied  to  them),  when  the  saine  thing  could  have  been 
shown  equally  well,  or  even  better,  on  a  tracing  twelve  by 
eighteen. 

Before  leaving  the  subject  of  tracings,  I  would  like  to  call  your 
attention  to  the  information  which  should  be  entered  on  tracings, 
"Pattern  Numbers,"  "Foundry  Sheet,"  "Stud,  Bolt,  and  Nut 
Numbers,"  "Jig  Numbers,"  "MilHng  Cutter  Numbers,"  "Finish 
IMarks"  ;  in  fact,  the  more  information  you  can  put  on  a  tracing 
the  better.  Most  of  these  will  be  explained  later.  The  subject 
"  Finish  Marks  "  can,  however,  be  taken  up  here. 

The  amount  of  finish  alloweil  on  a  pattern  is  usually  left  to  the 
discretion  of  the  pattern  maker ;  but  I  do  not  think  that  it  is  a 
good  plan,  as  he  is  not  in  a  position  to  know,  generally,  how 
much  finish  is  necessary. 

He  does  not  know  whether  a  surface  marked  "  finish "  must 
finish  perfectly  and  to  the  exact  dimension  or  not,  and  conse- 
quently he  always  allows  enough  finish  to  insure  a  perfect  sur- 
face when  very  much  less  finish  would  often  he  enough. 

Certain  castings  on  account  of  their  shapes  bulge  and  require 
less  finish,  while  others  warp  and  require  more.  Experience 
teaches  us  about  these  castings  and  when  the  information  is  once 
obtained  it  should  bo  recorded  on  tiie  tracings  of  them. 

Below  is  shown  a  system  of  finish  marks  easily  understood  and 
quite  convenient : 

/■  =  A  in-  Fiaiali. 
/=    i    ■'         " 


More  finish  can  be  shown  by  increasing  the  number  of  F's 
indefinitely. 

By  referring  again  to  Fig.  440  yon  will  see  the  finish  marks. 
This  is  one;  case  where  experience  teaches  us  about  finish.  It  is 
found  that  the  steam-chest  face  on  this  cylinder  always  comes 
farther  from  the  centre  than  intended,  and  instead  of  allowing  J 
inch  finish,  |  inch  is  always  enough,  and  on  some  cylinders  no 
finish  is  allowed  on  this  surface. 

The  next  subject  will  be  that  very  important  one  in  most 
manufacturing  ]>lants,  viz.:  "Patterns." 

This  will  include  a  sciienit;  for  keeping  a  record  of  where  tlie 
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different  patterns  are  located,  their  foandiy  sheetB,  and  the  wjb- 
tern  for  ordering  castings. 

Grouping  the  pattern  numbers  according  to  Bome  plan  far  idoi- 
tification  is  generally  found  to  be  a  g^eat  convenience.  VhcUm 
or  not  the  pattern  numbers  are  thus  grouped  doea  not  in  any  way 
affect  the  success  of  the  following  system& 

Fig.  441  shows  a  page  of  a  convenient  '*'  Pattern  "Beoord  Book." 
Each  line  is  divided  by  vertical  lines  into  four  divisions^  the  nmn- 
ber  and  name  occupying  the  first.  The  second  division  is  deTOtod 
to  keeping  a  record  of  the  location  of  the  pattern,  as  will  be 
shown  later,  while  in  the  third  and  fourth  divisions  are  entered 
the  foundry  sheets  and  tracing  numbers,  respectively. 

When  a  tracing  is  made  of  a  piece  requiring  a  pattern,  the 
name  is  entered  in  the  pattern  book  next  to  the  number  selected 
for  it.  This  pattef^n  numher  is  then  entered  on  the  tracingj  and  the 
tracing  number  is  entered  in  the  paUem  hook  in  the  proper  place. 

As  soon  as  the  pattern  is  finished  a  foundry  sheet  for  it  is  writ- 
ten up.  These  foundry  sheets  are  written  on  sheets  of  tnudng 
cloth  of  some  convenient  size  and  are  numbered  aerially  with  an 
"  F"  prefixed  to  distinguish  them. 

Fig.  442  sliows  two  of  these  sheets.  You  will  notice  that  the 
viain  piece  of  the  pattern  has  the  pattern  number  miAaut  any 
letter,  while  every  other  piece  of  the  pattern  and  every  core  hm 
or  piece  of  one  has  a  number  vnth  some  letter.  The  flgnras  in 
the  last  column  give  the  number  of  pieces. 

You  will  also  observe  that,  among  the  core  bozes,  certain  parts 
are  put  together  in  brackets  and  the  number  of  cores  reqoiied  is 
indicated.  This  makes  it  very  easy  for  the  core  maker  to  get  the 
core  boxes  together  properly  and  tells  him  how  many  cores  to 
inak(3  from  each  box. 

This  foundry  sheet  number  is  placed  at  once  on  the  tracing 
under  the  pattern  number  and  is  entered  in  the  Pattern  Beoocd 
Book. 

Fig.  440  shows  these  numbers  on  the  tracing,  and  Fig.  441  shows 
the  Pattern  Kecord  Book  with  tlie  foundry  sheete  entsrad  in  the 
proper  placa 

Fig.  443  shows  a  page  of  a  book  devoted  to  the  shipment  of  pttt- 
terns  to  the  foundr}'.  The  postal  card  (Fig.  444)  is  for  noknowl- 
(Higing  receipt  of  patterns  and  is  sent  with  slip  er  mtingthe 
patterns  to  the  foundry,  by  whom  it  is  signed  and ;       CBadu 

Fig.  445  shows  a  page  from  a  book  for  order!      the  rafaDm  of 
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pitterns.     The  postal  card  (Fig,  44(j)  is  filled  out  and  mailed  to 
tlie  foundry  as  soon  as  the  patterns  have  been  received. 

Both  of  these  books  just  shown  ai-e  numbered  serially.  In  the 
latter  an  "  R"  precedes  the  number,  indicating  that  it  is  a  return 
order. 


£NOi:fE  CO., 


i.  J..  Jan.  Snii,  IMl. 


pailern  riilppfd  to  t 

"■""  ^'>'™"" 

Sl,  Mro.  Co 

s 
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Jan.  4,  1001. 
ir  pattern  uid  core  boxn,  as  per  yaat  My  [lo, 

Fouan  Fodsdbt  II  Mro.  Co. 
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BouHD  Bmok,  H.  J.,  JM.  •»,  IML 

7b  FORAN  FOUNDRY  A  MFG.  CO. 
Please  ship  the  following  patterns  to  Amkricak  Ehoihb  Co. 


Rock  arms  on  shaft, 


Cr»     1   ■     J&. 


Fio.  445. 


To  PoRAN  Foundry. 

Bound  Brook,  K.  J.,  FA.  lOO,  1901. 

We  have  this  day  received  patterns  as  per  oar  slip. 


Fio.  446. 


AXKEICAS  BH»m  Oo. 

ArF.  as. 


In  sending  away  or  ordering  the  return  of  patterns,  each  piece  is 
enumerated.  The  number  of  this  order  is  then  entered  in  penM 
in  the  second  column  of  the  Pattern  Kecord  Book  (See  Fig.  441). 
If  the  last  entry  in  this  column  has  an  ^^R"  before  it,  it  indioatflB 
that  the  pattern  is  at  home,  while  if  without  an  ^^K**  it  is  away, 
and  by  referring  to  the  stub  indicated  its  location  is  at  once 
known.  It  is  found  convenient  to  enter  these  from  right  to  left, 
as  the  "  R  "  is  then  brought  into  prominenoe. 

Fig.  447  shows  a  form  of  order  used  for  ordering  castings.    All 


AMERICAN  ENGINE  CO. 


Foundry  Ordrii  M  *2860 


Mmnk  lOO,  IIM. 


To  FOKAN   FOUNDRY  &  MF3.  CO. 


Blue 
Print 

No. 

K-919  ) 
K-920  - 
K-941  ) 


Pattkrn 
No. 


JJ.jo5 


Dehc'riptiov  or  I*attern. 


Cylinder  (R.  H.)  15  +  80  x  18 

O.  K. 

Draughting  Room. 
F.  O.  B. 


FOUHDBT 

Shkxt. 


F-488 


No. 


TAU.T. 


Fig.  447. 


WtUTlMG-RUOM   ASl)  SHtip  SYSTEWS. 


1061 


orders  for  castings  mtiet  go  through  the  draughting  room  for  their 
approT^l  as  to  the  "Blue  Pcint  Nos.,"  '■  Patt.  No.,"  and  Foundry 
Sheet,  as  well  as  to  make  sure  that  the  pattern  is  at  the  foundry  i 
to  whom  the  order  is  made  out. 

This  order  you  will  Dotice  is  made  out  for  1  Cylinder  (right 
hand)  15  and  30  x  18,  and  refers  to  E.  P.'a  K-919  and  920  and  941 
(see  Figs.  439  and  440). 

Looking  at  these  tracings  we  see  on  K-941  that  the  foundry 
sheet  is  F-483,  which  agrees  witli  that  on  the  order. 

Fig.  443  shows  this  foundry  sheet  as  well  as  that  for  tiie  L,  H. 
cylinder  of  the  same  size. 

Fig.  448  shows  the  foundry  sheets  referred  to  on  K-918  of  Fig. 
439  for  16  and  30  x  18  cylinders  Right  and  Left  hand. 

Keferring  in  the  Pattern  Record  Booli  (Fig.  441)  to  No.  3555,  we 
see  that  the  last  entry  for  the  location  ia  1469.  Turning  to  this 
number  in  the  book  for  shipping  patterns  (see  Fig.  443),  we  find 
that  the  pattern  and  core  boxes  are  at  the  proper  foundry,  so  that 
the  order  is  correct  and  can  bo  O,  K.'d  by  the  drafting  room. 

This  order  before  going  to  the  foundry  must  be  copied  on  to  | 
the  stub. 

This  system  for  the  manipulation  of  patterns  is  so  general  in 
its  application  and  so  perfect  in  its  operation  that  there  can  be 
no  doubt  as  to  its  success  in  any  kind  of  a  manufacturing  busi- 
ness where  patterns  are  used. 

To  make  these  foundry  sheets  necessitates  a  certain  amount  of 
work,  but  when  this  is  once  done  it  is  done  for  all  lime.  When 
foundry  sheets  are  not  used  or  accurate  records  of  patterns  kept, 
it  means  that  one  pattern  maker,  generally  the  chief,  is  kept  bnsy 
the  greater  part  of  his  time  matching  up  patterns  and  core  boxes 
and  comparing  them  with  the  drawings  to  see  that  they  are  cor- 
rect, to  say  nothing  of  the  money  spent  in  making  new  pieces  to 
replace  those  lost. 

By  the  system  of  foundry  sheets  and  accurate  records  this  is 
entirely  obviated  and  there  can  be  noqiiestion  as  to  its  great  merit 
as  an  economizer  of  time,  money,  and  worry. 

Figs.  449  and  450  will  give  an  idea  of  tlie  flexibility  of  this 
foundry  sheet  system.  These  three  foundry  sheets  are  for  three 
different  cylinder  castings,  and  you  will  notice  that  the  three  main 
patterns  have  different  numbers.  If  you  will  observe  further,  you 
will  find  that  certain  parts  of  core  boxes  are  used  for  each  of  the 
cylinders,  and  in  one  case  a  body  core  with  still  another  pattern 
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Fio.  430.— FocKimT  Shekt. 


number  is  used,  there  being  in  this  case  parts  from  three  differmit 
piittwns  used  in  making  the  cylinder, 

'Willi  a  system  like  tiiat  just  referred  to,  the  matter  of  nuldng 
citstings  is  not  one  of  tradition  or  memory  and  the  woric  can  be 
transf<>rii.-il  from  one  foundry  to  another  without  oaosing  any 
delay  oiliur  than  that  conueme<I  in  moving  the  patterns,  and  it  is 
not  necesssii-y  to  give  any  instructions  to  the  new  foandry  other 
tlisin  tliiit  furnished  hy  the  system. 

To  kiicp  an  accurate  reconi  of  all  blue  prints  at  the  fonndry  and 
ill  the  shijp  is  (jtiite  necessary. 

Fig.  4.~  1  sliows  a  page  from  a  book  for  reoordiag  a)l  Uim  printi 
at  the  foundry.  The  postal  card  shown  with  it  (Fi^  40S)  iB  wJL 
tacliod  to  the  blue  prints  sent  to  the  foundry  to  be  rigned  and 
n'lurii(!c1.  It  is  a  good  plan  in  seiiiling  bine  prints  to  the  foundry 
to  (late  them  with  soda.     Tlieii  if  the  [K)stal  oardordeii  the  jn- 
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vious  print  destroyal,  there  is  no  chance  of  the  foundry  destroy- 
ing the  wrong  one. 


B.  P.  No. 

Pnaul 
Oanl  So. 

B.P.NO. 

PniUI 

B.  P.  No. 

Poilal 
OwdNo, 

201 

8« 

336 

86 

Sfil 

184 

209 

lao 

227 

130 

aas 

118 

SOS 

120 

326 

120 

303 

418 

204 

116 

S2S 

120 

354 

80 

206 

130 

380 

180 

355 

180 

206 

ISO 

331 

117 

356 

117 

207 

120 

3a9 

120 

357 

130 

208 

ISO 

3S3 

130 

258 

130 

309 

120 

SS4 

120 

358 

86 

210 

120 

335 

80 

360 

88 

Sll 

86 

388 

117 

861 

88 

212 

305 

237 

19g 

363 

123 

218 

119 

3S8 

120 

3(13 

130 

214 

120 

339 

W 

364 

120 

915 

120 

340 

79 

aa> 

120 

216 

120 

341 

180 

S6C 

130 

217 

130 

243 

1^ 

267 

117 

218 

120 

343 

130 

868 

lis 

31U 

no 

244 

117 

269 

130 

320 

130 

345 

117 

270 

188 

231 

120 

we 

130 

•871 

lao 

333 

123 

247 

130 

273 

118 

223 

130 

348 

117 

378 

130 

934 

8G 

240 

130 

274 

86 

aas 

130 

250 

155 

375 

113 

\o.  »«.  Jan..  '\/<i.  Htm. 

American  Enoine  Oo.: 

"We  h;ive  lliia  day  received  the  following  blue  prints  F-201- 

211-224-226-335-239-259^274 

and  have  destroyed  previous  copies  of  same 

Yours  truly, 

FoRAN  Fi>iJin>Rr. 
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S.ie  -K. 


B  V. 

No. 


<,1 
K>2 
H53 
^TA 

857 
S58 

859 

>^l 
8*J2 
803 
864 
865 
s«6 

8«;7 

868 
869 
870 
871 
873 
873 
874 
875 


T'riin'tnn'iJ   M'lun't^ 


in 

in 

o 

o 

in 

10 

1 


10  (ti 
lU  uo 

I  01 
1  01 
10  00 
10  w 
24  <W 


1 

24  01 

10 

10  in) 

10 

10  00 

10 

10  00 

10 

30  00 

10 

10  00 

10 

10  IM) 

10 

1000 

10  10  00 


''7»; 

S77 

•578 
^79 

H^l 

8f2 

884 
885 
8^6 

¥87 

888 
889 

890 
891 
892 
>-9.J 
894 
895 
896 
897 
898 
899 
JMX) 
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10  10  00 
10  90  OU 
12  3tj  00 
12  -JO  00 
12  26  00 
12  26  00 
12  20  00 
12  20  00 
12  26  00 
12  2«'i  00 
12  20  00 
12  20  00 
12  26.00 
12..  26  00 

12  26  00 
12  26  00 
1  18  01 
12  26  00 
12  26  00 
12  26  00 
12  26  00 
12  26  00 
12  26/00 
12 '26/00 


90*.  12;  15  00 
»•  

904  12/2  i  00 

905 

9f0 

9^.7   1/9/01 

908  

909  

90  ! 

911  

912 

918 

914 

015 

016  , 

917  I 

01^ 

919 

920 

921 
92-2 

023  I  1/25/01 

924 

925 


1/18111 
1/ 10/111 
1;  18  01 
1/18/01 

i/n.in 

2/81/01 
1/18  01 
1/18/01 
l/lO/Itt 
1/18./01 
1  18/01 
1/18/01 
I/'IO/Dl 

l/18;Dl 

1/18/01 
1/18/01 
1  24/01 
1  24  01 

1/24/01 


1/18/01 
1/18/01 


Fig.  453.— Blck  PiiixTd  to  Shop. 

Fig.  453  shows  a  })agc  from  a  book  for  keeping  a  record  of  every 
blue  print  in  llie  sliop  either  mounted  or  unmounted.  The  date  in 
the  first  column  after  the  number  indicating  an  unmounted  bine 
print,  and  in  the  second  a  mounted  print. 

I  would  like  to  call  your  attenticm  to  the  postal  card  system  of 
securing  acknowledgments.  The  great  advantages  of  this  are 
that  it  eliminates  the  ]>ossibility  of  the  fellow  at  the  other  end 
forgetting  to  st^nd  acknowledgments,  Ijesides  putting  these  records 
in  a  V(*rv  convenient  form. 

Anoth(>r  vcm'v  im|M)rtant  part  of  a  well-conducted  manufacturing 
business  is  tiiat  p(M'taining  tu  reconh  of  macAinertf  shipped.  It  is 
essential  tliat  tlies<*  n^-oixls  shall  not  depend  upon  the  memcHy  of 
anv  on(.*  for  their  success. 

Then^  are  in  this  country  to-day  numbers  of  large  mannfao- 
tunMs.  ])uilding  tlie  most  up-to-dato  maohineryy  who,  if  requested 
to  forward  ccM'tain  ])arts  to  repair  a  broken  machine,  will  asik  for 
a  workin<r  .sketch  of  the  parts  wanted.  This  greatly  delays  the 
starting  up  of  th<^  brokc^n  machine,  and  is  generally  voiy  annoying. 

The  following  system  o()erates  very  successfully  in  the  e^gina 
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i  and  would  without  doubt  be  readily  adaptable  to  otlier 
lines  of  man  uf act  lire. 

The  general  scheme  is  to  preserve  a  copy  of  the  shop  list  of  blue 
prints  from  which  each  engine  is  made. 

Fig.  4,54  shows  one  of  tJiese  lists.  A  convenient  way  is  to  have 
these  lists  printed  on  a  very  thin  bond  paper  from  which  good 
blue  prints  can  be  made  for  use  in  the  shop. 

You  will  notice  at  the  top  of  this  sheet  places  for  the  "  Jfame  of 
Purchaser,"  "  Size  of  Engine,"  and  "  Class."     It  is  not  at  all  neoea- 
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siiry  to  have  the  name  of  the  purchaser  on  the  list,  as  yoa  will  see 
later,  but  it  is  put  there  for  convenience  on  some  special  lists.  The 
important  (latum  at  the  top  is  the  Class  number,  as  I  will  now  show 
you. 

Each  engine  is  given  a  serial  number,  and  when  shipped  the 
complete  record  is  entereil  in  a  book  provided  for  that  purpose. 

Tills  record  book  should  contjiin  spaces  for  the  "Serial  No.," 
"  Name  of  Purchaser,-'  **  Location,"  "  Special  Features,"  and,  most 
imix)rtant  of  all,  the  Cluss  Xo,^  which  refers  directly  to  the  blue 
print  list  from  which  the  engine  was  built.  The  same  Cl€t98  No, 
will  appear  in  this  bo<jk  for  all  engines  which  are  duplicates. 

A  suitable  index  book  should  be  used  in  connection  with  this 
record  book,  and  it  will  he  found  convenient  to  index  the  machine 
both  under  the  "  Xame  of  Purchaser"  and  also  the  city  where 
located,  as  this  often  facilitates  the  identification  of  a  machine. 

Th(3  n(»xt  subject  tak(*n  up  will  Ikj  that  pertaining  to  studs,  nuts 
and  bolts. 

Most  of  us,  without  doubt,  are  familiar  with  the  old  sample  sys- 
tem where  a  host  of  different  bolts  and  screws,  etc.,  adorn  tiie 
walls.  This  svst(nn  is  so  obviouslv  bad  that  it  would  be  a  waste 
of  time  to  ]K>int  out  its  defects  when  the  time  can  be  so  much  bet- 
ter cMuploved  in  showing  you  a  better  system  and  enumerating  iti 
good  j)oints. 

The  dimensions  of  studs,  nuts,  and  bolts  used  in  the  manufacture 
of  machinery  are  naturally  d(»termined  in  the  drafting  room,  and 
there  can  hardly  be  two  opinions  as  to  the  desirability  of  keeping 
the  record  of  these  in  the  drafting  room,  and  to  have  them  in  the 
most  convenient  form  for  reference. 

In  the  system  T  am  about  to  explain  the  principal  feature  is  the 
making  of  a  tracing  of  a  stud,  bolt,  or  nut  with  letters  in  place  of 
dimensions  and  having  on  the  same  sheet  u  table  where  the  num- 
bers and  dimensions  of  the  picc(^s  ai*e  entered.  Figs.  455  to  458 
show  four  such  tracings. 

Tn  the  practical  working  out  of  this  scheme  it  is  found  a  great 
conv(Miien('e  to  so  distribute  the  numbers  that  the  size  and  number 
bear  a  distinct  relationship,  es]>ecially  in  the  standard  pieces  such 
as  studs,  nuts,  cap  screws,  an<l  s<jt  screws.  The. following  appoiv 
tionuKjnt  «>f  nund)ei*s  will  1m^  foun<l  very  convenient^  Allow  100 
numlx^rs  for  each  diameter  of  thread  advancing  by  eighths.  Thus 
;'-in('li  studs,  etc.,  would  be  numl>ered  in  the  five  hundreds,  j-inch 
in  tlie  six  hundreds,  etc. 
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Now  to  make  it  uniform  let  aJl  studs  be  numbered  in  the  same 
division  of  the  hundi-ed,  nuts  in  another,  cap  screws  in  another, 
etc.  This  will  Ije  found  especially  convenient  ia  the  four  standard 
nuts  of  each  size,  as  the  same  kind  of  nut  of  the  different  sizes  will 
have  the  last  two  figures  the  same  for  all  sizes,  and  the  size  will  be 
determined  by  the  first  figure  or  figures. 

Blue  prints  of  llieso  sheets  can  be  sent  to  the  manufacturers  of 
these  pieces,  and  studs,  bolts,  nuts,  etc,,  ordered  by  number. 

In  designing  a  piece  of  machinery,  the  stud,  bolt,  and  nut  num- 
bers necessary  should  be  entere<l  on  the  tracing.  This  should  be 
compulsory,  as  it  not  only  insures  against  the  possibility  of  not 
having  the  proper  studs,  nuts,  and  bolts,  but  is  of  great  assistance 
to  the  workmen  who  erect  the  machines. 

Another  advantage  of  this  scheme  is  that,  having  the  dimensions 
of  all  studs  and  bolts  in  a  convenient  form  before  the  draftsmen, 
the  number  of  different  sizes  does  not  increase  more  than  is 
absolutely  necessary,  as  the  jiart  being  designed  can  frequently 
be  changed  slightly  to  use  some  stud  or  screw  already  on  the 
lists. 

The  foregoing  systems  have  all  been  for  use  in  the  drafting 
room.  The  next  subject  taken  up  will  be  "Labor  Cost"  and 
"Cost  of  Material,"'  of  a  series  of  manufactured  articles. 

Taking  up  first  tlie  question  of  "  Labor  Cost"'  in  a  shop  where 
standard  machines  are  manufactured  in  lots,  it  is  customary  to 
make  these  lots  large  enough  to  secure  low  cost  of  manufacture, 
and  ordinarily  tlie  labor  cost  is  kept  as  a  whole.  The  following 
are  some  of  the  defects  of  the  system : 

It  generally  happens  that  tiie  machines  are  not  all  assembled 
and  shipped  promptly,  and  in  consequence,  the  order  remains  open 
until  the  completion  of  the  last  machine.  This  greatly  delays  the 
desired  information  as  to  cost,  and  the  information  when  obtained 
is  on  the  machine  as  a  whole,  unA  nothing  is  known  as  to  the  cost 
of  tiie  separate  jmrts. 

Onlinarily,  the  number  of  machines  comprising  a  lot  is  found  to 
be  either  too  small  for  the  economical  manufacture  of  some  parts 
or  unnecessarily  large  for  some  of  the  other  parts. 

Then,  too,  if  orders  shoukl  become  mixed,  the  information  ob- 
tained is  valueless,  and  the  time  and  labor  to  obtain  the  information 
has  Ijeen  wasted. 

In  some  lines  of  manufacture  the  following  system  will  be  found 
to  obviate  the  defects  just  referred  to. 
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The  general  plan  is  to  find  the  labor  cost  of  the  aevenl  parts  by 
manufacturing  them  on  separate  shop  orders,  and  then,  by  aggre- 
gating these  costs,  the  total  labor  cost  of  the  machiiie  is  obtained. 

This  system  greatly  facilitates  the  locating  of  ezoessive  labor 
crjsts,  and  is  also  very  convenient  in  determining  tbe  aelliiig 
of  the  parts. 

The  greatest  advantage,  however,  is  that  the  number  at 
in  each  lot  can  l>e  determined  entirely  with  reference  to  seonriiig 
the  Ix'St  results  in  the  manufacture  of  that  part. 

Having  obtained  the  labor  cost  of  the  several  parts  by  any  of  tbe 
usual  methods,  it  will  be  found  convenient  to  record  this  cost  in  a 
book,  or  on  cai'ds  similar  to  that  shown  in  Fig.  450.  The  repeated 
records  thus  obtained  show  whether  the  cost  is  inoreasing  or 
decreasing.  They  will  be  found  very  oonvenient,  not  only  for 
c<imparing  the  successive  orders  of  each  size,  bat  also  the  ralalive 
costs  of  the  different  sizes,  and  where  intermediate  sizes  have  not 
been  built,  their  probable  costs  are  easily  obtained  by  interpolation. 

At  intervals  the  average  costs  of  the  several  sizes  oan  be  found 
as  shown  on  Fig.  451>  and  a  convenient  method  for  aggregating 
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these  costs  is  shown  by  Fig.  4S0.  Tiie  entries  here  should  be  made 
in  pencil  and  revised  whenever  required. 

When  the  different  parts  of  machines  are  brought  into  the  shop 
in  varying  quantities,  it  becomes  necessary  to  lieep  a  record  of  the 
number  of  facli  on  hand.  This  is  especially  necessary  with  those 
parts  which  require  a  long  time  for  their  production. 

A  convenient  form  for  keeping  these  recortls  is  a  stock  ledger 
where  opposite  pages  are  devoteii  to  the  same  subject,  both  being 
arranged  to  cover  alt  the  sizes,  one  page  showing  tlie  number  of 
each  on  hand  and  in  process,  while  on  the  other  the  pieces  are 
charged  of!  when  required  for  assembling  in  machines.  The 
balance  at  all  times  shows  the  number  of  pieces  on  hand  or  in 
process. 

When  a  machine  is  to  be  built,  a  Hat  of  all  the  parts  is  usually 
prepared  for  use  in  the  shop.  If  a  stock  Iwlger  is  used,  all  of  the 
parts  kept  in  this  ledger  can  be  checked  in  ;it  once  and  charged  off 
on  the  ledger  account.  The  balance  of  the  material  can  then  be 
ordered. 

It  is  necessary  now  to  know  the  cost  of  material  in  this  series  of 
machines.  In  some  shops  the  Cost  of  material  is  found  for  each 
individual  machine,  but  when  a  number  of  machines  exactly  alike 
are  built  it  seems  like  a  waste  of  energy  to  repeat  this  work  for 
each  one. 

Fig.  401  shows  a  page  from  a  book  devoted  to  keeping  the  cost 
of  material  in  a  series  of  machines.  The  cost  of  material  in  most 
machines  depends  principally  on  a  few  large  items,  the  rest 
changing  very  slightly  in  cost  and  not  having  much  effect  on  the 
total  cost.  It  is,  therefore,  the  work  of  but  a  few  minutes  to  revise 
this  cost  book  for  fluctuating  prices  and  keep  it  up  to  date. 

In  describing  all  of  the  foregoing  systems  to  you  I  have  aimed 
at  simplicity,  and  have,  therefore,  taken  only  general  cases. 

Some  of  you  may  from  this  be  led  to  think  that  they  are  limited 
in  their  application.  This  is  not  so,  however,  as  I  could  have  shown 
by  giving  examples  of  tlieir  application  in  special  cases;  but  as  the 
object  of  this  paper  was  not  to  specialize,  I  have  refrained  from 
doing  so. 
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Namb. 


8|x8 


Connecting  rod  box  (crank) f0.40 


I 


Connecting  rod  box  (Xhd.) 

Connecting  rod  babbit  BhellH  (crank). . 

C-onnecting  rod  strap,  key  and  block.. . 

Counterlwilances  (2) 

Crank  sbaft , 

Crossbead  and  pin 

Frame 

Guide  (lower) 

Guides  (upper)  (2) 

Guide  pillars  (8) 

Oil  pump  (<'omplete) i     -15 

Pillow  block  ca|»8  (2) i     .15 

Pillow  block  gibs  (2) '     .10 

Pillow  block  babbit  liners  (2) |     .05 

1.00 
.50 
.55 
.35 
.20 


.86 

.10 

2.00 

.10 

2.75 

1.20 

8.60 

.25 

.20 

.05 


Rock  sbaft  bracket  (complete) 

Rock  arms  on  sbaft 

Eccentric  carrier  and  busbing 

>!ccentric  ro<l 

Governor  weigbt  and  busbing 

Governor  spring 10 

Cylinder |  1.40 

Cylinder  head |     .30 

Cyllnderbead  plate 20 

Cylinder  jackets  (2  pieces.     Set) 05 

False  head 25 

Piston  and  nxl 40 

Piston  rings  (2) .10 

Piston  gland '     .05 

Steam  chest  cover 15 

Valve '     .Cm 

Balance  wheel 1 .  15 

Governor  wheel ■  1 ,  40 

Scraping 1 .40 

Nickel  plating '   1 .00 

Eroding  and  testing '  0.25 

Boxing '     .60 


10x10     lixll 


14xU 


10.50 


.50 
.10 
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.15 
8.25  ' 
1.40  I 
8.75 
.80  I 
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.05  I 
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1.10 
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1.50 
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.15 

.10 

.20 
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1.25 

1.70 

1.60 

1.15 

11.00 

.75 


Total  labor  cost 32.40    88.00 
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DISCUSSION. 


J//'.  WiUhim  Wallace  Chrl^tU. — While  in  chaige  of  the 
eral  foundry  work  of  a  large  iron  works  I  introduced,  or  nAer 
triwl  to  introduce,  systematic  records,  orders,  etc. 

AMien  new  patterns  were  to  l>e  made,  or  old  ones  altered,  the 
order  was  written  on  a  blank  (Fig.  462)  which,  being  printed  in 
copying  ink,  made  the  copying  of  the  written  order  in  a  letter- 
press lx>ok  a  complete  record  of  the  order. 

When  the  pattern  or  alteration  was  completed,  the  examiner 
received  the  blank,  and  noted  all  of  its  data  in  the  copy-book. 
The  use  of  this  blank  for  a]x)ut  three  years  proved  its  value  for 
the  class  of  work  then  under  my  chai^. 


Patermn.  N.  J 


Pattirn-MakbrN  Order  No. 


Make pattern  of 


per  drawing  No herewith. 


Charge  time  and  material  to 


Gkxeral  Notes. 


Matkbial  avd  Tool 

Cost. 

Amount. 

RU«. 

• 

^ 

Total  coiit 

• 

Pattern  work  t-turtwl  .. 
Pattern  examined 


.    .  liMi  .  .  .    Pattern  flnlehed 
lim ,  by 


and  food 

JOHNSON  IRON  WOBKB, 
Jon  Joni, 


Fig.  462. 

Mr. ./.  Selh'vfi  Bancroft, — ''  Everything  pertaining  to  theooii- 
struction  of  the  machines  must  originate  in  the  dmffeiiq;  room," 
in  the  second  })aragniph,  is,  })erha])s,  a  wrong  oxprewicm  foir 
what  the  author  intends;  on  all  details  and  many  pointi  of  dif- 
sign  the  opinion  of  the  shops  is  tr>  be  sought  and  foOoiPed.  ThB 
function  of  tlie  draftinnr  rcnmi  is  that  of  a  bnreau  of  zeooidof 
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the  judgment  and  condnsions  of  tho  practical  men  who  design 
and  who  make  the  machini?.  It  is  true  that  nothing  shoiihl  be 
done  in  the  shojw  that  is  tiot  authorized  and  recorde<l  by  the 
drawing,  but  in  many  cases  this  is  Iwst  accomplished  by  the 
alteration  of  the  drawing  to  f.orresi>ond  with  the  work;  that  is, 
the  drawing  room  must  nt:-vcr  be  iin  obstacle  in  tho  way  of  im- 
provement. Put  only  one  pii'ce  on  a  tracing  is  an  excellent  rule  ; 
but  put  all  views  of  the  pi^ co,  if  possible,  on  the  same  tracing  is 
as  good.  All  information  that  can  be  of  service  to  the  shops 
should  be  put  on  the  tracing  as  suggested,  and  the  dimensions 
for  finishing  surfaces  should  be  accompanied  by  symbols  indi- 
cating the  quality  of  finish  as  well  as  tho  pennitted  tolerance  or 
deviation  from  exact  sizes^  so  that  the  ivorkman  may  not  waste 
time  in  trying  to  obtain  a  much  better  fit  or  finish  than  is  really 
needed  for  the  ]>articular  case,  while  his  attention  is  esjjecially 
directed  to  the  close  finishes.  All  drawings  when  finished  should 
be  examined  by  a  jnechanical  examiner,  to  determine  the  method 
of  manufacture  and  the  sequence  of  o]>erations  on  the  piece;  at 
this  time  any  small  changes  can  be  iiiudo  that  will  facilitate  the 
work,  and  the  amount  of  finish  and  tho  way  the  casting  is  to  be 
moulded  can  then  be  determined  and  I'ecoi'ded, 

The  method  proposed  for  marking  the  patterns,  especially 
where  they  have  to  be  sent  to  outside  foundries,  st^enis  to  be 
very  coinpreliensive;  in  our  own  practice  we  have  found  a  de- 
cided advantiigc  in  using  the  drawing  number  from  which  the 
pattern  was  ma<le  as  jwirt  of  the  symbol  of  the  pattern.  This 
forms  a  most  satisfactoiT  method  for  identification  of  the  pat- 
fern,  especially  when  there  have  been  many  changes,  owing  to 
alterations  in  the  machine,  as  no  changes  aro  permitted  without 
a  drawing  t<t  define  and  authoriKO  them.  For  repair  orders, 
taken  in  connwrtion  with  a  well-orgauizeil  record  system,  the 
pattern  storekeeper  is  never  at  a  loss  to  know  \vliich  pattern  to 
use  to  lill  a  requisition  from  the  drawing  room.  All  that  the 
autlior  has  to  say  about  rocoi-d  sheets  of  standard  parts  is  excel- 
lent, but  bis  sujigestion  of  iq.i]iropriating  certain  series  of  num- 
bers in  adviinci'  for  fcrtain  diameters  or  sizes  ia  almost  sure  to 
lead  to  Iroublf,  as  it  ap(K'ars  to  be  impossible  to  foresee  the 
growth  of  the  vai'ious  classes.  If.  however,  these  numbers  be 
considered  ;is  decinials,  a  much  finer  division  of  classes  can  be 
made,  atid  tlic  initial  figures  I'iiu  then  indicate  certain  types, 
.styles,  or  si/rs,  jtnd  llsi'ureM  inav  lii-iKhled  iridelinitely  as  wcasiou 
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arises,  without  resort  to  fractional  numbers,  and  withoat  chang- 
ing the  original  order  of  the  }iarts,  as  in  the  well-known  Dewey 
system  of  classification. 

To  explain  more  fully  the  method  of  marking  patterns  above 
referrecl  to,  I  subjoin  a  copy  of  the  plan  adopted  some  fifteen 
years  ago  by  William  Sellers  it  Co.,  Incoqwrated,  which  also 
shows  how  temporary  and  i)ermanent  changes  in  a  pattern  are 
distinguishe<l  and  reconled,  and  has  proved  very  successful  in 
taking  care  of  changes  for  repairs. 


WILLIAM  SELLERS  &  CO.,  INCORPORATED. 

XOVBMBKK  1,   1888. 

StSTEH  of  3IARKI3SO  PATTERNS. 

All  pattern  listH  mast  contaiD.  in  addition  to  information  nsoallj  famished. 
the  numbers  of  tVie  drawings  from  which  it  is  intended  the  TBrious  pattens 
shall  be  made. 

The  first  column  of  the  list  will  give  the  number  of  castings  Teqoired,  the 
second  the  ''  list  number,"  and  the  tliird  column  the  ''drawing  number. " 
thus : 


Pieces. 


1 
1 
1 


No. 

1 
2 
3 


DruwlDg  No. 

8080 
8080 
8081 


Saddle. 

Crosaeirt. 

Upright. 


Fig.  403. 

Each  pattern  when  finished  must  be  marked  by  a  suitable  label  bearing  the 
list  and  drawing  numl>ors  joined  by  a  dash,  thus  :  1-8080,  2-8080,  3-8061,  etc. 
This  is  the  distinctive  mark  of  the  pattern,  and  must  never  be  altered  unless  the 
[)attom  is  changed  ;  and  if  the  pattern  be  changed,  this  8yml>ol  must  indicate  the 
fait. 

When  any  pattern  so  marke<1  is  used  in  a  sul>sequent  machine  of  any  kind,  it 
will  appear  in  the  list  with  its  original  symlml,  thus : 


1 
1 
1 


No. 


1 


3 


Mark. 

1-8080 
2-8080 
5-7979 


Name. 


Saddle. 


rt. 


Crossgirt 
Uprigtit. 


Fio.  464. 


The  fact  that  the  original  list  numl)er  appears  in  the  "Marie "  <<nl»^inii  iadl- 
cates  that  the  pattern  has  already  boon  made.  As  written  in  Fig.  464  tt  ia 
understood  that  no  alteration  is  required. 

If  upormiinent  alteration  is  needed,  the  original  drawing  namber  la 
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k  temporary  alltralion  is  Ti-quirpd  tuii]  it  is  int^oded  that  tiio  jiatlom  sliali  aftcr- 
tvariis   be   lestorpd   to  its  origiDol   form,  the  i\evr  naiulier   19  wntteo  like  tlie 


denominator  of  a  fractitin,  ihns, 


The  liiit  would  tbsD  bu  ' 


Fio.  4C5. 
This  menns  that  piece  2  ia  mtt<ie  hy  allering  a  patiero.  No.  1-8080,  and  theiv- 
fore  all  llie  epeciai  pnrta  made  for  this  alteration  will  be  marked  2  -  -^^1   Ini' 


thf  label  on  the  original  pattero  will  be  unchanged. 

If  one  pattern  can  bj  alight  alterations  im  mado  to 
indioate  the  fad  : 


6  tor  two  tlie  1 


Plec™. 

so. 

Huik. 

N„». 

1 

3 
4 

8080 
3-8080  alt. 

RiKht-hand  upriglrt. 

Left-hand  apriglit. 

Fio.  466, 

This  indicates  that  pull^rn  Xo.  4  ia  the  same  as  No.  3  jusl  made  except  that 
cprtain  minor  partK  arc  ultercd.  Tliosn  parts  of  the  pattprn  which  aru  common 
in  bnth  3  and  4  are  so  marked,  i.e.  (3  and  4-9080),  while  the  Rpecial  purts  are 
either  8~S080  or  4-8080. 

Gear  pBttorns  for  cast  teeth  must  bear  the  proper  g^ar  svmbol.  iindihe  absence 
of  the  Hynibol  will  iniiicutci  thai  ihe  wheel  is  to  liave  cut  tteth.  Thus  anew 
list  might  read  : 


I 


Mark. 


2  I  1  8282  >lltre  nheel.  12^4  per  inch. 

3  I  2  j  i|^^  Spur  wheel.  IS*  IJinchm  pitch. 

Fio.  407. 

Thin  .slirnv^  that  N"n.  1  is  n  cm  wheel  and  that  Nn.  3  is  made  from  the  pHll*."n  of 
spur  lylicci   13'  11  inrhfs  ]>itch  aliered  as  per  Or  S883,  and  n  reference  lo  the 
(.•fjr  liet   will  shijiv   whether  or  not  ihls  pattern  has  been  already  made.     The 
alraence  of  ilie  list  uuniliei  in  the  mark  colttmn  indicates  that  the  n 
the  fractino  is  a  gear  uaiiiber  and  not  a  drawing  number. 
A  white  label  with  the  pattern  mark  shuuld  be  fdaced  on  t-adi  pNrt  •<(  i-Tiry 
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arises,  without  resort  to  fractional  numbers,  and  without  chang- 
ing the  original  order  of  the  |mrts,  as  in  the  well-known  Dewey 
system  of  classification. 

To  exphiin  more  fully  the  method  of  marking  patterns  above 
referred  to,  I  subjoin  a  copy  of  the  plan  adopted  some  fifteen 
years  ago  by  William  Sellers  &  Co.,  Incorjx)rated,  which  also 
shows  how  temporjiry  and  jjennanent  changes  in  a  pattern  are 
distinguished  and  recorded,  and  has  proved  very  successful  in 
taking  care  of  changes  for  repairs. 


WILLIAM  SELLERS  &  CO.,   INCORPORATED. 

November  1,  1886. 

System  op  Marking  Patterns. 

All  pattern  lists  must  contain,  in  addition  to  information  usually  foniifihed, 
the  numbers  of  the  drawings  from  which  it  is  intended  the  yarious  patterns 
shall  be  made. 

The  first  column  of  the  list  wiU  give  the  number  of  castings  Tequired,  the 
second  the  '*  list  number/'  and  the  third  column  the  "drawing  number," 
thus : 


Pieces. 

No. 

1 
2 
3 

Druwing  No. 

Name. 

1 
1 
1 

8080 
8080 
8081 

Saddle. 

Groesgirt. 

Upright. 

Fig.  468. 

flach  pattern  when  finished  must  l>e  marited  by  a  suitable  label  bearing  the 
list  and  drawing  numbers  joined  by  a  dash,  thus  :  1-8080,  2-8080,  3-8081,  ete. 
This  is  the  distinctive  mark  of  the  pattern,  and  must  never  be  altered  unless  the 
pattern  is  changed  ;  and  if  the  pattern  he  changed,  this  symbol  must  indicate  the 
fart. 

When  any  pattern  so  marked  is  used  in  a  sul>Hequent  machine  of  any  kind,  it 
will  appear  in  the  list  with  its  original  symbol,  thus  : 


Piccej*. 

•No. 

1 
o 

3 

Mark. 

1-8080 
2-8080 
5-7979 

Name. 

1 
1 

1 

Saddle. 

CroBBgin. 

Upright. 

Fio.  464. 

The  fact  that  the  original  list  number  appears  in  the  ''Mark**  wnlnmw  ludl- 
oates  that  the  pattern  has  already  been  made.  As  written  In  Fig.  464  it  !■ 
understood  that  no  alteration  is  re(|uired. 

If  a  permanent  alteration  is  needed,  the  original  drawing  nnmber  te 
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:t  by  a  horizontal  ]i 


iienominator  of  e.  fmctiun,  thus, 


iginal   torn 
1-8080 


ib-lituted  below,  thuB,   — ^^      .      Bat  if 
s  inteod^d  that  tho  |>attern  <(hBll  ufter- 
I  the  new  number   is  written  like  the 
Tbb  list  would  then  be  written  : 


Pieces. 

Ho. 

V^K. 

N.™„ 

1 
1 

■• 

l-WW 
8083 

1-8080 
806S 

Baddle. 

i  hj  sJtering  &  pattern,  Ko.  1-6080,  c 


fore  all  the  epvciul  pnrta  mB<le  for  Ibis  alteratioa  will 

the  label  on  the  original  potlern  will  be  nncbanifed. 

If  one  pattern  cau  by  slight  alterations  be  made  to  si 
IadlDtiI«  tke  fact : 


fl  marked  3   — ^-, 


Piecpa. 

HO. 

MMt 

N«n», 

1 

8 
4 

8080 
3-8080  alt. 

HiKlit'band  nprirht. 
I»tt-band  upright. 

Fio.  48G, 

This  Indicates  that  ptttlem  No.  4  is  the  eatne  as  No.  S  just  made  esoepl  that 
certain  minor  parts  are  alteri'ii.  Those  parts  of  the  pallern  which  are  common 
to  bolli  3  and  4  are  ao  marked,  i.e.  (3  and  4-8080).  wlule  the  Hpecial  [lartB  are 
either  3-S080  or  4-8080. 

Gear  patteroa  for  cast  lecth  must  bi>ar  tlie  proper  gear  sj-mlwl,  anil  the  absence 
of  the  Mj'nibul  will  inilicate  that  the  wheel  is  (o  have  cut  teelh.  Thoa  a  new 
list  miglit  read  ; 


Pi«CM. 


Mirk. 


Mitre  wUefl,  13'  4  per  inrli. 
Spur  wheal,  IS'  IJ  Inchen pitch. 


Fig 


■W7. 


Thin  sbiiiY-  that  No.  1  ir:  Ji  cut  wheel  aud  that  No.  3  is  maiic  from  the  pattern  of 
spur  whi'fl  13'  tj  inches  pitch  aliered  b»  per  Dr.  8282,  and  a  peftrenco  to  tho 
tie.ir  list  will  show  whether  or  not  this  patluni  lioa  been  alrend}'  tnade.  Tho 
absence  of  tliL>  list  numlioi  ill  the  mark  column  indicates  that  Ihe  namemtor  of 
thp  fracfinn  in  a  peur  number  und  iml  a  drawing  niimber. 

A  white  laiiel  ivitli  tin-  jintli'ru  mark  eliould  bi"  plaoiNl  on  wich  part  -if  rvory 
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pattern,  and  the  label  on  the  principul  jwrt  should  be  marked  with  the  namher  of 
pieces  of  which  the  patt(>ni  consists.  Each  piece  of  pattern  ahoald  also  hear  a 
red  label  giving  the  location  of  the  pattern  ;  that  is,  a  description  of  the  place  in 
which  it  is  to  be  stored.  This  must  bo  written  in  the  following  order  :  1.  De- 
partment ;  2.  Section;  3.  Shelf;  4.  Division;  and  5.  Box,  if  one  be  used.  If 
written  in  the  proper  order,  the  names  of  the  department,  etc.,  may  be  omitted, 
thus  :  1  F,  12,  5,  14  would  bo  understood  at  once. 

In  storing  patterns,  parts  made  to  adapt  an  existing  pattern  to  a  new  use 
must  be  stored  with  the  other  patterns  niude  on  the  same  order  and  the  original 
pattern  or  basis  of  the  alteration  must  be  separated  from  the  alterations  and 
returned  to  its  proper  place.     For  example,  in  a  box  of  patterns  might  be  found 

3-8080 
some  pieces  marked  5  — oTb^'>  ^1^°^  (^^i^  i^  is  known  that  these  parts  are  to  be 

used  with  a  pattern  marked  ^-8080,  and  the  question  is  where  to  look  for  that 
pattern.  A  reference  to  a  List  of  Drawing  Numbers  and  Titles  shows  thai  8060 
represents,  say.  the  crosshead  of  a  182-inch  Boring  Mill,  and  is  dated  January  1, 
1886 ;  we  therefore  seek  the  pattern  in  question  among  the  patterns  of  the  183- 
inch  Boring  Mill. 

If,  for  any  reason,  the  pattern  maker  shall  deem  it  necessaiy  or  deelzable  to 
change  the  symbol  on  any  pattern,  he  must  at  once  notify  the  drawing  room  by 
a  written  memorandum,  so  that  the  pattern  lists  may  be  corrected.  It  is  of  the 
utmost  importance  that  the  pattern  mark  shall  correspond  with  the  drawfaig- 
room  record. 

Prof,  Charles  Z.  Griffin, — The  pajxir  under  discussion  deals 
with  a  verytimportant  subject  of  modem  economical  manufac- 
ture. It  is,  however,  absolutely  impossible  to  lay  down  a  gen- 
eral set  of  rules  which  shall  be  anywhere  near  universal,  and  it 
is  doubtless  in  recognition  of  this  fact  that  Mr.  Ball  opens  his 
paper  with  a  moderately  qualified  statement.  It  seems  to  me, 
however,  that  as  far  as  the  dniwing-room  practice  is  conoemed, 
he  takes  a  very  one-sided  view  of  the  case,  and  woold  convey 
the  idea  that  the  points  lie  makes  are  almost  axiomatic,  and  all 
other  systems  could  well  bo  corollaries  to  the  one  he  presents. 
This,  to  my  mind,  is  far  from  the  truth. 

In  the  first  place,  the  rights  of  the  dmwing  room  are  not  on 
a  plane  with  the  ancient  divine  rights  of  kings,  in  that  it  can  do 
no  Avrong.  To  be  frank,  T  do  not  think  he  means  quite  that, 
but  his  statement  ])retty  nearly  says  so.  The  drawing  room  is, 
after  jiU,  but  one  of  the  s(>veral  important  departments  of  a  con- 
cern, and  constitutes  the  gn^at  recorder  and  index  to  all  the 
product  of  the  shop.  It  should,  however,  be  autocratic  (Hily  to 
the  extent  of  such,  and  thus  invariiibly  place  responsibility  where 
it  belongs.  ^luch  may  originate  outside  of  the  drawing  room 
which  the  latter  may  not  wholly  judge,  but  which  it  assuredly 
should  record.     The  arbitrary  control  should  rest  with  thiBMqpQr- 
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intendent,  not  with  the  di-iuving  nwin;  but  that  information  of 
shop  construction  should  ahvays  be  available  through  the  draw- 
ing files  is,  of  course,  essential. 

The  three  rules  for  the  production  of  tracings  given  in  this 
paper  it  is  impossible  for  me  to  conceive  as  being  of  at  all  gen- 
eral a]iplication. 

With  regard  to  the  first  rule,  to  put  only  one  piece  on  a  tra- 
cing, the  objections  raised  to  the  general  method  of  many  pieces 
on  one  tracing  are  not  well  fijunde<l.  It-  is  not  tnie  that  if  any 
one  part  be  changed  it  is  necessary  to  retrace  the  whole  sheet, 
and  so  far  as  I  know  it  is  never  done.  Pro[)er  order  sheets, 
sjiecifyiug  what  parts  to  use  from  each  sheet,  will  easily  take 
care  of  this  during  construction,  and  an  equivalent  record  pre- 
served in  this  or  other  form  provides  for  subsequent  reference. 

If  the  second  objection  raised  by  Mr.  Ball,  that  having  more 
than  one  part  on  a  sheet  would  necessitate  more  than  one  print 
in  the  shop,  be  carried  to  its  legitimate  conclusion,  it  would 
mean  that  everj-  part  on  the  sheet  would  be  in  process  of  con- 
struction simultaneouslj',  and  hence  there  should  be  as  many  blue 
jtrints  as  there  are  jiarts.  This  is  inevitable  by  his  own  system 
of  single-piece  tracings,  only  his  prints  would  he  smaller.  Henoe 
the  objection  is  only  one  of  degree  if  the  case  stood  thus.  But 
])ieces  do  not  go  through  the  shop  in  this  simidtaneous  fashion, 
and  even  tbougji  there  be  a  dozen  or  more  pieces  on  a  single 
sheet,  with  the  ordinary  sliop  progression  I  have  found  that 
a  couple  of  prints  satisfy  every  demand.  Two  moderate-size 
prints  iii'c  manifestly  more  convenient  than  a  dozen,  no  matter 
how  small  the  hitter  uuvy  be.  I  once  worked  in  a  shop  where 
the  siuglc-pit'ce  drawing  was  trietl,  and  the  system  was  not 
maintiuiifd  for,  to  ine,  very  obvious  reasons. 

The  ulijwtion  that  reproduction  of  tracings  is  liable  to  cause 
error  is  certainly  true,  but  again  such  a  simple  device  as  order 
sheets  at  once  gets  over  tlie  difficulty,  for  reproduction  only 
becomes  necessai'v  for  tho  parts  ^vhich  are  changed;  this  is  ex- 
actly the  same  amount  of  reproduction  which  has  to  be  done  in 
the  singlc-ilnuviiig  system,  hence  I  see  no  advantage  here. 

With  ivi^ard  tn  ibe  next  objection,  I  would  say  that  I  never 
have  seen  anylioily  do  the  amount  of  retracing  and  reprinting 
whicli  ^fi'.  ISall  im[ilies  has  to  be  done  in  order  to  keep  track  of 
changes,  if  tlio  usual  metlnid  of  grou]ung  details  on  a  single 
dniwing  is  followeil.     It  sct'nis  to  me  unnecessary  to  go  into  the 
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pattern,  and  the  label  on  the  prinoii>al  part  sbould  be  marked  with  the  number  of 
pieces  of  which  the  pattern  consists.  Each  piece  of  pattern  should  also  bear  a 
red  label  giving  the  location  of  the  pattern  ;  that  is,  a  description  of  the  place  in 
which  it  is  to  be  stored.  This  must  be  written  in  the  following  order:  1.  De- 
partment ;  2.  Section  :  3.  Sbelf ;  4.  Division;  and  5.  Box,  if  one  be  used.  If 
written  in  the  proper  order,  the  names  of  the  department,  etc.,  may  be  omitted, 
thus  :  1  F,  12,  5,  14  would  bo  understood  at  once. 

In  storing  patterns,  parts  made  to  adapt  an  existing  pattern  to  a  new  use 
must  he  stored  with  the  other  patterns  made  on  the  same  order  and  the  original 
pattern  or  basis  of  the  alteration  must  be  separated  from  the  alterations  and 
returned  to  its  proper  place.     For  example,  in  a  box  of  patterns  might  be  found 

3-8080 
some  pieces  marked  5  — bvoa''  ^^°^  ^^^i^  i^  i^  known  that  these  parts  are  to  be 

used  with  a  pattern  marked  ^-8080,  and  the  question  is  where  to  look  for  that 
pattern.  A  reference  to  a  Jjist  of  Drawing  Numbers  and  Titles  shows  that  8060 
represents,  say,  the  crosshead  of  a  182-inch  Boring  Mill,  and  Is  dated  Januaiy  1, 
1886 ;  we  therefore  seek  the  pattern  in  question  among  the  patterns  of  the  183- 
inch  Boring  Mill. 

If,  for  any  reason,  the  pattern  maker  shall  deem  it  necesBaT;^  or  desirable  to 
change  the  symbol  on  any  pattern,  he  must  at  once  notify  the  drawin^^  room  by 
a  written  memorandum,  so  that  the  pattern  lists  may  be  corrected.  It  is  of  the 
utmost  importance  that  the  i>attern  mark  shall  correspond  with  the  drawfaig- 
room  record. 

Prof.  Charles  L,  Griffin. — The  paper  under  discnssion  deals 
with  a  very«iiuportant  subject  of  modem  economical  manufac- 
ture. It  is,  liowever,  absolutely  impossible  to  lay  down  a  gen- 
eral set  of  rules  Avliich  shall  be  Jiny  where  near  universal,  and  it 
is  doubtless  in  recognition  of  this  fact  that  Mr.  Ball  opens  his 
paper  with  a  moderately  qualified  statement.  It  seems  to  me, 
however,  that  as  far  as  the  drawing-room  practice  is  oonoemed, 
he  tiikes  a  very  one-sided  view  of  the  case,  and  would  oonvey 
the  idea  that  the  points  lie  makes  are  aknost  axiomatic,  and  all 
otlier  systems  could  wc»ll  be  corollaries  to  the  one  he  presents. 
This,  to  my  mind,  is  far  from  the  truth. 

In  the  first  place,  the  rights  of  tlie  drawing  room  are  not  on 
a  plane  with  the  ancient  divine  rights  of  kings,  in  that  it  can  do 
no  wrong.  To  be  frank,  T  do  not  think  he  means  quite  that^ 
but  his  statement  ])retty  nearly  says  so.  The  drawing  room  is, 
after  all,  but  one  of  the  several  important  de]>artment8  of  a  con- 
cern, and  constitutes  the  gn^at  recorder  and  index  to  all  the 
product  of  the  shop.  It  should,  however,  be  autocratic  (Hily  to 
the  extent  of  such,  and  thus  invariably  place  responsibility  where 
it  belongs.  ^Much  may  originate  outside  of  the  drawing  room 
which  the  latter  may  not  wholly  judge,  but  which  it  assaredly 
should  r(*cord.     The  arbitrary  control  sliould  rest  with  thefloper- 
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intendent,  not  with  the  di'iiwing  room;  but  tbat  information  of 
shop  construction  shonld  ahvuys  l»e  Jivailable  thi-ougli  the  draw- 
ing files  is,  of  course,  essentiiil. 

The  three  rules  for  the  jiroilaction  of  tracings  given  in  this 
paper  it  is  impossible  for  nic  to  conceive  as  being  of  at  all  gen- 
eral application. 

"With  regard  to  the  first  rule,  to  put  only  one  piece  on  a  tra- 
cing, the  objections  raised  to  the  geneml  method  of  many  pieces 
on  one  tracing  are  not  well  founded.  It  is  not  true  that  if  any 
one  part  be  changed  it  is  necessary  to  retrace  the  whole  sheet, 
and  so  far  as  I  know  it  is  never  done.  Pro|)er  order  sheets, 
specifying  what  parts  to  use  from  each  sheet,  will  easily  take 
care  of  this  during  construction,  and  an  equiv^alent  record  pre- 
served in  this  or  other  form  proWdea  for  subsefjnent  reference. 

If  the  second  objection  raise<l  by  Mr.  Ball,  that  having  more 
than  one  part  on  a  sheet  would  necessitate  more  than  one  print 
in  the  shop,  be  carried  to  its  legitimate  conclusion,  it  would 
mean  that  every  part  on  the  sheet  would  be  in  process  of  con- 
struction simultaneously,  and  hence  there  should  be  as  many  blue 
]»rints  as  there  are  ]»arts.  This  is  inevitable  by  his  own  system 
of  single-piece  tracings,  only  his  prints  would  be  smaller.  Hence 
the  objection  is  only  one  of  degree  if  the  case  stood  thus.  But 
pieces  do  not  go  through  the  sliop  in  this  simultaneous  fashion, 
and  even  though  there  be  a  dozen  or  more  pieces  on  a  single 
sheet,  witii  the  ordinary  shop  progression  I  have  found  that 
a  conple  of  pi'ints  siitisfy  every  demand.  Two  moderate-size 
prints  are  manifestly  more  convenient  than  a  dozen,  no  matter 
how  small  the  latter  may  be,  I  once  worked  in  a  shop  where 
the  singlcpieco  drawing  was  tried,  and  the  system  was  not 
maintained  for,  to  me,  very  obvious  reasons. 

The  '>lijection  that  reproduction  of  tracings  is  liable  to  cause 
Qvvov  is  certainly  ti'ue,  but  again  such  a  simple  device  as  order 
shwts  at  once  gets  over  the  difficulty,  for  reproduction  only 
becomes  n^'cessai'v  for  the  parts  which  are  changed;  this  is  ex- 
actly the  saiiR!  amount  of  reproduction  which  has  to  be  done  in 
the  singli'-ilrawiug  system,  hence  I  see  no  advantage  here, 

With  ivjrai'd  to  the  next  objection,  I  would  say  that  I  never 
have  seen  anyliody  do  the  amount  of  retracing  and  reprinting 
which  ^[r,  Uall  imi)lies  lias  to  be  done  in  order  to  keep  track  of 
changes,  if  the  usual  method  of  grouping  details  on  a  single 
driiwinir  is  fi-llowi'd.     It  seems  to  me  unnecessary  to  go  into  the 
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(letciil  of  tlio  nmnberless  ways  in  which  all  difficulty  can  be 
avoidcKl.  In  my  own  ]wrsonjil  oxj>orienco,  covering  a  somewhat 
variexl  line  of  work  in  diflfen^nt  shops,  under  different  grouped 
systems,  and  on  both  standard  and  special  construction,  I  have 
never  found  any  ])articular  difficulty  either  in  conforming  to  the 
system  alrc^ady  in  use,  or  satisfactorily  modifying  or  originating 
details  of  it  if  necessary. 

The  second  rule,  with  reganl  to  phicing  different  views  of  the 
same  piece  on  different  sheets,  is  one  which,  to  my  mind,  has  no 
advantage  worth  mentioning  and  might  lead  to  serious  trouble. 
It  is  certainly  inconvenient  for  the  workman,  and  allows  him  to 

ft  ' 

arrange  the  views,  perhaps  wrongly,  with  reference  to  each 
other.  The  advantage  of  working  duplicate  pieces  on  different 
processes  at  the  sanies  time  would  seem  to  me  to  be  of  little 
moment,  seldom  occurring,  and  Avhen  desired,  entirely  met  by 
a  du])licat(^  ])rint.  The  size,  of  the  ])rint  is  no  bugbear,  for  it  has 
no  right  to  be  a  ^'  hirge ''  print  anyway. 

The  third  rule  is  a  good  one  concerning  the  size  of  the  prints, 
but  as  to  scale,  I  should  say,  in  general,  use  as  large  a  scale  as  is 
consistent  with  the  stanchird  slio])  sizc^  of  sheet.  It  seems  to  me 
tlie  important  thing  to  settl(^  once  for  all,  is  a  convenient  stand- 
ard size  of  sheet  for  shop  details,  then  stick  to  that  size,  and 
make  the  scale  to  suit.  In  very  i^aro  cases,  such  as  general  or 
s|)ecial  di*awings,  a  larger  size  may  be  allowable.  The  disadvan- 
tage of  having  even  two  ditFerent  sizes  of  j>rints  to  handle  in 
the  shop  more  than  offst^ts  any  momentary  inconvenience  to  the 
draftsman.  I  have  found  that  once  the  rule  is  made  and  under- 
stood to  be  inllexibhs  it  is  not  at  all  difficult  for  the  draftsman 
to  conform  to  the  requirement  and  do  equally  good  work.  I  am 
in  full  sympathy  with  Mr.  l>all  concerning  ''bed-quilt "  draw- 
ings, although  our  marine  engineering  brethren  seem  to  be 
unable  to  avoid  them. 

Instruction  to  thcs  ]^att(^rn  nuiker  as  to  the  amount  of  finish  to 
be  allowed  on  each  and  every  surface,  as  suggested  in  this  paper, 
sliould  l)e  cautiously  «xiv<Mi.  Contrary  to  the  idea  advanced,  a 
good  pattern  maker,  in  my  opinion,  is  more  closely  related  to  the 
foundry  than  is  (»v(^n  a  good  draughtsman,  and  is  therefore  in  a 
brtter  position  to  dctei'miiic  ihe  amount  of  finish  under  ordinary 
circumstances.  It  seems  lo  me  that  preferably  the  pattern 
maker  should  be  held  rcsp()nsil)le  for  warped  or  bulged  oastingB, 
or  excessive  or  delicient  finish.     It  is  his  business  to  make  proper 
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patterns,  and  though  the  drawing  room  may  influence  bim  by 
consultation  and  suggestion,  yet  to  make  the  draughtsman  re- 
sponsible for  proper  finish  on  patterns  is  to  add  still  another  load 
to  an  already  mountainous  burden  of  responsibility,  and  is  of  no 
avail.  If  castings  do  not  come  right,  it  is  the  bnsinesa  of  the 
pattern  maker  to  hustle  round  and  discover  it  long  before  the 
drawing  room  does,  and  plun  to  correct  the  trouble.  It  is  the 
trick  of  his  trade  to  make  patterns  wliich  will  produce  castings 
to  drawings. 

Mr.  Ball,  of  course,  realizes  the  special  i-equirements  of  his 
business  mucli  better  than  I  do.  My  idea  is  that  a  good  organ- 
izer will  work  out  a  system  which  will  enable  him  to  handle  his 
work  to  advantage.  I  believe,  however,  tliat  his  paper  tends  to 
advocate  a  more  general  aiiplication  of  his  principles  than  is  jxis- 
sible.  In  fact,  I  believe  there  are  very  feiv  shops  in  which  these 
principles  can  be  economically  maintained. 

Mt:  A'7)(W'.— There  have  been  a  great  many  papers  on  sys- 
tems deseri!>ed  for  making  drawings,  and  nearl}'  every  time  the 
criticism  is  sucli  as  has  been  made  of  this,  that  it  has  only  local 
a]»plieation. 

It  might  be  interesting  to  know  how  this  system  would  fit  the 
work  of  the  <Irafting  room  of  the  Cfeneral  Electric  Company. 
There  woul.l  be  at  least  lO.OUU.  and  perhaps  15,000,  sejrarate 
dnnviugs  and  HUD.Oint  blue  prints  each  month.  They  would  be 
rather  difficult  to  handle.  We  have  260  draftsmen,  and  if  they 
had  to  lUidvc  a  separate  drawing  for  each  piece,  or  rather  two  or 
three  different  sheets  in  <inler  to  show  one  piece,  it  would  be  im- 
possibji.^  to  iiiindh'  the  work.  There  is  a  more  general  system, 
drawing  a  Hue  betH-een  the  two  extremes  represented  by  the 
systems  di'seribnl  and  the  primitive  one  with  which  nearly  all 
shop>;  start  when  there  is  just  as  little  system  as  possible.  I  never 
befiire  heard  of  such  refinements  as  are  here  suggested,  such  as 
sevend  sheets  to  one  piece.  The  question  of  keeping  related 
drawings  toyetlici-  is  certainly  worthy  of  some  consideration,  but 
would  be  extri'iiiely  dilfic-idt  under  this  system. 

Till'  intermediate  system  referral  to  is  one  whicli  puts  i^elat^d 
]>arts<in  one  sJieet.  juirhapw  a  dozen  or  fifteen  pieces  that  prop- 
erly may  gn  tu^^cdlier,  and  the  ability  to  see  which,  as  put 
tofi'ether,  would  be  an  aid  to  the  workman.  We  may  want  to 
use  some  of  tiiese  jiieces  in  new  apparatus,  and  yet  do  not  want 
to  ilo  the  wiirk  over  again.     The  least  objection  is  the  cost  of 


n^lniiviii;.':  uik;  grf-at  ohji-otiim  i<  the  fact  that  if  von  draw  the 
same  ifU-i-f-  on  sf-voRil  ilitfL-rent  sheets,  if  it  is  a  thing  which  can 
he  iiia«h'  v.itlj  siM^Mal  UjftU.  soiiieho^ly  jsix  months  or  a  year  hiter 
will  iiiiikf  sMHif-  MltenitioTis  in  one  of  those  drawings,  hot  not  in 
all  thi-  j»lae»-s  \vli#-ii«  it  i-i  re<:orrlM.  and  the  t'xJs  will  be  changed 
to  airre**:  tii*-ii  wii»  n  ynii  want  to  use  the  piece  as  originally 
sliown.  vrjit  timl  vf>ii  havr-  ntit  tiie  to^Js  with  which  to  make  it. 
Tli*'  nietliod  l»y  wliir-h  any  nnni)H>r  of  pieces  can  be  drawn  on 
a  shf.H-t  ;i:id  yr-t  no  ivflmwintr  of  the  same  piece  called  for  is 
known  as  tIk-  <rroii]»  system. 

II*'n-  :iii-  a  l«»t  of  ]M<r^-#*s  on  a  sheet,  which  I  will  call  1,  2,  3,  4, 
and  r».  At  some  phues  it  is  usual  simply  to  draw  those  {neoes 
and  <five  them  numhors.  the  s])eeif]cation  of  material,  number  of 
]H<*ccs  wanteil,  i-te..  In-iiiL^  <'n  a  s<:f{iarate  s])ecification  sheet.  That 
sy>tfm  wrM-ks.  hut  it  has  objections.  Some  changes  can  be  made 
and  nr)tefl  simply  ou  tlie  hill  of  material:  the  drawing  is  apt  to 
U*  h'ft  unclinn;r«<K  whih*  the  hill  of  material  is  changed.  Xowit 
is  hi<rlily  d«\sirai>]e  to  concentrate  all  information  necessaiy  for 
tho  manufactnn?  ol"  any  jiiece  n«rht  on  the  sheet  upon  which  it  is 
<lrji wn.  Sf)  tIich'  an*  j»ut  down  the  pjittern  numlier,  material,  and 
name  of  cadi  n\'  tlic  ])arts  shown  on  the  sheet.  There  ar3  also 
put  op])ositf.>  ea<r)i  ]iart  ninnhcr  the  num1)er  of  pieces  of  that  part 
nef^led  in  making  tlie  unit  for  which  the  drawing  is  prejiared. 
Ij't  us  assume  that  lat<'r  we  want  to  make  a  small  change  in  that 
unit.  Then  com(»s  in  what  is  known  as  the  group  system.  "We 
lind  specifie<t  in  the  title  a  number  of  parts.  We  want  three 
pieces  of  part  1,  four  ])ic((s  of  ])art  3,  seven  of  part  6,  etc.  We 
1)unch  those  things  and  call  them  a  group.  Let  ns  call  that 
gron|>  S(}.  ti  of  ilrawinc-  So.  l»t»i>.  Xow  if  we  want  to  make  up 
somciliin<!"  clsi'— usin^'  six  ]>ieces  of  part  Xo.  1,  five  of  part  No. 
2,  etc.  we  simply  writ(M)ut  another  group,  which  we  will  call 
grou]»  No.  .*»•  etc. 

"Wlum  yon  want  a  n<*w  device,  you  simply  say  on  your  instmc- 
tions  to  th(^  sho]),  ''  Make  this  job  from  dmwing  No.  999,  gronp 
'J;  <irawin<r  Xo.  IK  ^n-oup  :).  etc./'  and  the  workman  takes  op 
his  drawine-  JMid  finds  tln^  particular  group  numher  that  he 
wants,  and  in  that,  way  lie  finds  wliich  of  the  pieces  shown  on 
the  sheet  and  how  mnny  of  each  ])iece  are  to  be  made.  A  spaoe 
is  reserved  at  one  side  of  the  title  in  Avhich  any  changes  are 
noted.  For  instanc(\  if  part  So.  I)  is  changed,  we  woald  say 
that  part  :>  IiatI  ixu^n  clian^-ed  on  a  certain  date,  and  note  tka 
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nature  of  the  change.  Then  in  looking  that  drawing  up  subse- 
quently as  a  matter  of  history,  wanting  to  know  »'liat  hiwl  been 
used  at  a  certain  time,  we  would  see  what  materials  were  used, 
and  the  date  when  the  chanjre,  if  any,  wa«  made,  and  so  the 
drawing  is  kept  as  a  live  shoii  dniH-ing  and  also  as  a  imrma- 
nent  record  of  everything  thrit  h;is  been  done.  We  find  this 
very  useful  and  satisfactory  in  th''  drafting  room  that  I  refer 
to,  where  men  come  and  go,  and  where  we  have  about  lun.ooo 
drawings. 

The  key  to  this  system  is  the  drawing  list.  The  drawing  list 
for  each  job  is  usually  contained  on  one  8-incb  by  Ift^.inch  sheet. 
If  we  had  one  piece  per  drawing  it  ivould  necessitate  our  having 
a  drawing  list  on  the  average  job  which  would  be  ten  times  as 
long  as  our  present  list.  That  is  one  advantage  of  having  com- 
paratively few  drawings  and  several  pieces  on  a  sheet.  Our 
dramng  list  tells  the  name  of  the  principal  parts  and  the  draw- 
ings on  which  they  are  to  be  found.  So  in  a  machine  that  has, 
perhaps,  200  parts  we  send  out  a  drawing  list  that  contains  prob- 
ably 20  items. 

Mr.  JlowarrJ  Welh  Smith. — This  very  excellent  paper  has  been 
of  great  help  to  nie,  and  I  am  sure  to  everybody  ;  but  there  is 
one  point  which  seems  a  little  strange,  and  that  is  that  the  authoi' 
makes  no  mention  of  the  use  of  cards  for  indexing  and  recortiing. 
He  speaks  of  a  j)attern  record  book,  and  blue-print  record  book, 
etc.,  whereas  if  cards  were  used  the  whole  record  would  be  in 
much  neater  shape.  The  idea  of  putting  one  piece  on  a  sheet  is, 
to  my  mintl,  not  very  good,  for  I  have  tried  both  ways.  It  may 
work  out  in  special  cases,  but  in  most  instances  I  have  found 
that  moi-e  than  one  piece  hiwl  better  be  put  on  a  sheet. 

In  regard  to  this  group  system,  or  scheme,  which  Mr.  Knox  has 
ilUistnited  on  tlio  lihiokboard,  it  seems  as  if  that  grouping  might 
in  time  rw[uire  the  whole  space  on  the  sheet;  otherwise  I  tielieve 
it  is  a  very  gnoil  scheme. 

Mf.  KhiK-r  II.  y^'/fi'. — -The  paj>er  presented  by  Mr.  Ball  and 
the  discussion  of  it  simply  illustrate  the  fact  that  a  great  many 
systems  are  necessary  in  order  to  run  satisfactorily  a  large 
variety  of  shops.  Our  drawings  are  made  on  bond  paper  and 
inked  in  so  that  there  are  few,  if  any,  tracings  ever  made.  Blue 
prints  arc  iiiaili'  I'l-om  the  bond-i>aper  drawings,  and  form  th»> 
permanent  ivcoi'd  for  each  machine  we  have  built,  these  lilue 
prints  lH>ing  kept  in  vaults  after  they  have  passed  ihrough  the 
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sliop.     When  tlie  Miio  prints  are  sent  into  the  shops,  they  are 
nionnteil  on  boanis  iMnmd  with  cloth  along  the  edges  and  with 
a  niouldin<:aronn<l  the  l>nar(l  on  the  side  which  carries  the  drair- 
ing,  i>t}  that  wlien  llie  board  is  laid  face  down  it  will  not  allovr 
tlif*blue  j)rint  to  touch  the  object  6n  which  it  is  placed.     Our 
bi»n<l-j)a]X'r  drawings  are  kept  in  drawers  and  form  the  latest 
nxronl  «»f  the  jwitterns  and  machines.     They  are  constantly  snb- 
jected  toclianges  and  cancellations  of  the  various  parts  shown  on 
them,  all  those  pieces  beinir  eliminated  which  are  not  zeqnired 
for  the  paiticular  machine  being  made.     TTe  put  as  many  pieces 
on  the  sht»f4  sis  possible,  but  do  not  mix  up  different  kinds  of 
work.     Th(*  vari(»ties  of  work  are  se])«irateil  on  the  sheets  accord- 
ing as  they  ani  lathe  work,  planer  work,  screw-machine  woric, 
forgings.     <  >iir  drawings  art»  indexes!  in  a  very  thorough  manner 
in  the  cai*d  index  system,  and  are  in  charge  of  a  man  who  is 
familiar  with  them.     The  main  feature  of  our  plan  is  that  Nue 
pnntH  and  not  JrdiniujH  are  the  permanent  record. 

JSLr,  F.  <>,  Thill, "^ — In  reviewing  the  discussion  of  this  paper, 
several  of  th(»so  who  participated  overlooked  the  opening  para- 
graph, in  which  it  was  stated  that  the  systems  to  be  explained 
w<.Te  not  exp<»ct(Ml  to  cov(*r  all  cases. 

Mr.  Bancroft's  interj)i'etation  of  the  second  paragraph  is  prac- 
tically what  was  intended,  as  the  <lrafting  room  and  engineer- 
ing department  are  supposed  to  be  one.  His  suggestion,  "  The 
finish  mai'ks  should  be  accompanie<1  by  symbols  indicating  the 
(juality  of  finish,- ■  etc.,  is  an  excellent  one. 

The  group  system  as  explaine<l  by  ^fr.  Knox  seems  to  be  very 
(•r>mpreh(msiv<',  and  no  doubt  o])erates  very  successfully.  This 
is  not  inconsistent  witli  the  rules  laid  down,  as  two  of  the  three 
rules  an*  d(H*lared  to  be  '•  souunvhat  elastic."  A  modification  of 
the  grou]>  syst<Mn,  wliich  wouhl  i)e  consistent  with  Bule  1,  and 
would  meet  the  objection  of  ^fr.  Knox  to  the  length  of  the 
•'drawing  list,''  is  as  follows:  Detail  the  several  parts  off  on 
separate  small  drawings  (as  much  as  is  considered  neceflsaiy), 
and  then  rm  anotlior  tracing  group  the  different  partsas  sag- 
ii'csted  bv  Mr.  Knox. 

Ft  is  not  quite  ap])arent  from  his  discussion  how  he  can  de- 
scribe tlu^se  groups  on  the  drawing  list  if  the  group  indndcB 
several  parts  with  different  names. 


*  Author's  olosiire,  under  the  Rnlep. 


1  A   I>KA.WINO   UrFICE. 


Na.  010.* 

RULES  FOR   A    DRAWING    OFFICE.} 


(Member  of  IbfSocisty.) 

Is  June,  18!l4,  the  writer  presented  a  paper  to  the  Society  en- 
titled, "  On  the  Kelatiun  of  the  Drawing  Office  to  the  Shop  iii 
Maunfacturing,"  in  which  was  yiven  a  set  of  rules  which  he 
then  nsed  in  the  drawing  office  under  Jiia  charge.  As  im- 
provement is  always  the  order  of  the  day,  it  became  ativisable 
to  revise  these  rules,  as  suggested  by  experience,  making  them 
more  concise  and  covering  a*lditional  points  as  they  arose. 
These  revised  rules  are  given  below  in  the  hope  that  they  may 
prove  uaetul. 

Dbawing  Office  Kcues. 

Size  irf  Draimnyg. 

1.  The  standard  size  shall  be  23  inches  by  3t)   inches,  aub- 

tlividcd  into  half,  quarter,  and  eighth  sheets. 

2.  Full  size  drawings  shall  be  reserved,  as  far  as  possible, 
for  general  -views,  and  parts  not  capable  of  being  shown  on 
smaller  sheets. 

3.  All  shop  detail  shall,  us  far  as  possible,  be  shown  on  quarter 
and  eighth  sheets. 


No    t-    ■..!    . 

Patterns  ■  A.  F 
No-  36.  vol.  ii. 

C.  J.  Porter. 
No.  143.  vol.  -i 
No.  5B0.  v.<l.  5 

Manufacmriofr. ' 
No.  614.  vnl,  :i 
No.  1)09,  vol.  1 


I    \lilu-iiukeo  meeting  (May,  IBOli  of  llie  Amerimn  Sodely  of 

III   fiimiin^  part  of  Volume  XXII,  of  the  Trantarliotm. 

iii-i  nil  Ihis  siibjeft  pjinBiilt  TTini»aelinni  is,  follnws  ; 

-'•<     ■■  Meilioii  of  ArraHR-ing  and   Imleilng  Drnwliigs  and 

lid  I. 

1.  576  :    "New   Mrtboii  of  Keeping    Mechanical  PniwiTiKS." 

(I.  19-1  :  -  Drawing  Office  Sjslem."     H.  K,  Towijh. 

.  p.  'M-.   "Relation  of   Ibo   Dranliij;   Officf  to  thp  Shop  in 

\,  W,  UohinsoD. 

i.,  p.  106:  "Drawing  Office  Apflianees."     A.  W,  RobiuaoB, 

i.,  p,  1040  :  "  llraftiug-roora  nn.i  Shop  System."     F.O.  Rail. 
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Charart*u'  of  iJmwiTujH, 

4.  Detail  drawings  shall,  as  far  as  i)OSsibley  classify  the 
ent  kinds  of  works,  sucli  as  castings,  forgings,  shafts,  leven. 
]jiping,  etc.  Different  kinds  of  work  sball  not  be  shown  on  the 
same  detail  drjiwing. 

5.  All  slio])  drawings  liable  to  re])etition  shall  be  traced  and 
blue-printed.  All  tein])orarv'  details,  requiring  only  one  oopj, 
may  V>e  made  on  sketch  shei'ts  and  press-copied. 

0.  A  shop  drawing  is  to  be  considered  as  an  order  or  instmc- 
tion  to  the  shop,  and  not  merely  as  a  statement  or  illustration. 
For  tliis  purpose  it  must  convey  dearly  and  distincUj  all  the 
information  necessary  to  make  the  article. 

7.  Everv  dimension  necessarv  to  the  execation  of  the  work  is 
to  be  clearly  stated  by  figures  on  the  drawing,  so  that  no 
measurements  need  to  be  taken  in  the  shop  by  scale.  All 
measurements  to  be  given  with  reference  to  the  base  or  starting 
])oint  from  which  the  work  sliould  be  laid  out,  and  also  with 
reference  to  centre  lines. 

S.  All  ligurod  dimensions  on  drawings  to  be  plain  round  ver- 
tical figures,  not  less  than  ji-inch  high,  and  formed  by  a  line  of 
uniform  width  and  sufficiently  heavy  to  insure  printing  welL 
No  thin,  sloping,  or  doubtful  figures  or  diagonal-barred  fractions 
will  be  tolerated.  All  figured  dimensions  below  2  feet  to  be 
expressed  in  inches. 

9.  All  centre  lines  to  be  alternate  dot  and  dash  in  fine  black 
line.  All  dimension  lines  to  be  double  dot  and  dash,  with  a 
central  space  for  the  figure,  and  of  such  strength  as  to  show  on 
blue-print  more  faintly  than  lines  of  drawing.  Lines  of  drawing 
to  be  bold  and  <'loarly  definc'd  in  ]n'oportion  to  the  scale,  and 
may  be  shade-linod  by  making  the  right-hand  and  bottom  lines 
heavier.  No  ornamental  shading  or  other  "  frills  "  allowed  on 
shop  drawings. 

10.  Every  drawing,  whether  whole  or  half-sheet,  shall  have 
the  title,  date,  scale,  and  number  of.  the  sheet  stamped  in  lower 
right-hand  (*orner,  and  the  quarter  and  eighth  sheets  printed 
on  top. 

11.  The  name  of  the  drawing,  as  given  in  the  title,  is  ii|VBri« 
ably  to  ('(msist  of  two  divisions  in  one  line  sepamfeed  by  a 
hyphen.  TIk^  first  division  is  tr)  state  the  general  naiae  of  the 
thing  or  machine,  and  the  sectmd  name  is  to  dearly  dlMQgpBate 
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the  part  or  parts  represented  lor  if  a  general  view  should  »o 
state).  The  wording  of  titles  should  be  submitted  to  the  chief 
engineer  or  head  draftsman  fur  approval. 

12.  Each  drawing  ahall  bt'iir  the  name  of  the  draftsman  and 
examiner,  the  surname  being  used  without  initials. 

13.  Drawings  of  piping  details  shall  be  mad^  in  diagram  form, 
using  standard  symbols. 

14.  All  detail  parts  for  standard  m-  repetition  work  shall  be 
shown  nnaesembled  as  far  as  possible. 

Ih-aviiifi  S'/ihMs. 

15.  Detail  shop  drawings  should  state  ; 

{a)  The  pattern  number  of  every  casting  in  plain  figures 

of  larger  size  than  the  dimension  figures 
(/*)  The  material  of  which  the  parts  are  made,  using 
symbols  as  follows : 
C.L— Cast  Iron.  lis. — Brass. 

W.!— Wrought  Iron.         Bbt.— Babbitt. 
M.S. — Machinery  Steel.     Bz.— Bronze. 
H.S.— Hammered  Steel.    C.R.8.— Cold  Rolled  Steel 
Other  materials  write  full  name. 
{'-t  Finished  surfaces  will  be  indicated  by  "f"  written 
iin  the  line  or  surface  to  be  finished.      When  not 
MO  marked  it  is  understood  that  tlie  pai-t  is  to  be 
left  black  or  rough.     In  cases  where  finish  might 
be  presumed  but  not  required,  follow  the  figured 
dimensions  by  the  word  '  CsBt,"  if  a  casting,  and 
"Kough,"  if  a  forging. 

S/aridards. 

16.  Tlic   following  standards  ahall  be  strictly  adhered  to  as 
given  in  the  tables  notod : 

1.  Table  of  standard  diameters  of  shafting  and  key  se&ts. 

2.  Table  <>f  standard  stock  sizes  of  rounds, 
'■',.  Table  of  standard  stock  sizes  of  fiat  steel. 
-1.  Table  of  s'audard  clearance  fits. 

5.  Table  of  standard  symbols  for  notation  of  riveting. 
(i.  Talile  of  standard  symbols  for  pipe  fittings. 

Also  such   other  staudards  aa   may  be  adopted  from 
time  to  time. 
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17.  Drawer rs  and  tiling  casfrs  sliall  I)e  numbered  oonsecotiTelT. 
Drawers  ftliall  coutaiu  10*.i  sLeet.s  each,  and  filing  caaes  200 
Hheets  frach,  nnd  to  lie  fully  indexed.  Drawings  shaU  be  nam- 
Viered  by  a  uaruljer  iudirating  both  drawer  namber  and  serial 
iiuifi>K;r  in  the  drawer,  thus :  76"4  is  the  fourth  sheet  in  drawer 
76,  etr-. 

\K  Drawin^  numlifrrs  shall  l>e  cheeked  off  the  index  as  re- 
quired, and  the  index  posted  up  in  uniform  handwriting  bj  the 
clerk- 

H^  Standard  size  drawings  shall  be  kept  in  drawers  and 
rpiarter  and  ei^ditlj  slieets  in  filing  cases.  All  drawings  shall  be 
indexed  by  an  index  sheet  kept  in  each  drawer  or  case. 

20.  All  drawings  must  l>e  approved  before  being  traoed. 
When  tracing  is  completed  it  will  l>e  given  immediately  to  the 
cliief  draftsnKin,  wlio  will  have  a  preliminary  print  made  and  care- 
fully checked,  iKifore  being  used. 

Paitema. 

21.  All  patterns  shall  bear  the  number  of  the  drawing  on 
which  they  are  first  <letailed,  followed  by  a  serial  letter  aoooxd- 
ing  to  the  nunil)er  of  patterns  on  tlie  drawing. 

22.  Standard  patterns  used  repeatedly  and  liable  to  be  ordered 
from  in  repairs  must  not  be  changed.  Other  patterns  may  only 
bf;  changed  wlu»n  absolutely  necessary  and  by  order.  When  so 
rhiin^ed  Hk^v  will  bear  tlie  original  number  and  letter  followed 
hy  A  for  tlie  first  change,  B  for  the  second  change,  and  soon, 
thus  :  4Hr»()  AB  is  the  second  change  in  pattern  4860  A- 

21^  Each  draftsman  will  be  su])plied  with  a  sketoh-book  by 
the  (*oni])any,  in  whicli  lie  shall  make  all  his  notes,  caloulationB» 
and  data  referring  to  his  work,  and  under  no  circumstancea  shall 
iio{(;s  of  value  be  mado  au  loose  sheets.  Each  entry  should  in- 
variably 1h'  cninnienccd  with  the  subject  and  date,  and  fnU  notes 
u)ii(h\  of  data  on  wliicli  tin;  calculations  were  based,  and  the 
results  obtained  clrarlv  stated.  These  books  are  to  remain  the 
pinprrty  of  tlie  eomjjany. 
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34.  Ckauges  in  dravings,  sketches,  or  order  lists  issued  to  the 
shop  shall  only  be  made  when  authorized  by  the  chief  engineer, 
or,  in  his  absence,  by  the  chief  drHft»maQ,  and  when  no  author- 
ized shall  be  made  by  the  order  clerk. 

25.  The  names  of  all  similar  parts  in  order  lists  and  drawings 
are  to  be  uniform. 

26.  Tracing  mnst  be  kept  in  safe  for  blue-printing  purposes 
only.     Office  copies  of  blue-prints  must  be  used  for  references, 

27.  No  drawing,  print,  or  photograph  shall  be  taken  from 
office  without  permission.  Violation  of  this  rule  may  result  in 
dismissal. 

28.  Until  further  notice  the  office  hours  will  be  from  8  to  12 
and  from  1  to  5.30.  Draftsmen  will  be  paid  by  the  hour  for 
time  actually  worked. 

29.  Draftsmen  who  have  l)een  in  continuous  employment  of 
the  company  for  a  year  or  more  will  be  entitled  to  ten  days' 
vacation,  with  full  pay.  No  other  allowance  for  time  lost  will 
be  allowed. 

30.  Draftsmen  will  not  be  permitted  under  any  circumstances 
to  write  letters  in  the  company's  name  or  on  the  company's 
letter- he  ads  or  envelopes. 


It  will  be  noticed  that  rules  2  and  3  provide  for  the  restric 
tion  of  the  use  of  large  drawings  to  general  views,  and  increased 
use  of  small  drawings  for  details.  Formerly  it  was  the  custom 
to  use  only  one  size  of  sheet  i23  inches  a  36  inches)  for  all  pur- 
poses. As  time  went  on  the  multiplication  of  drawings  made  it 
difficult  to  provide  house-room  and  drawer  accommodation,  and 
furthermore  the  large  drawings  were  not  so  convenient  in  the 
shop  as  small  ones,  llesort  was  therefore  had  to  eighth  and 
qiiarter  sheets,  which  were  indexed  in  filing  cases.  This  method 
results  in  a  great  number  of  small  drawings,  but  numbers  are 
cheap  and  the  filing  cases  are  easy  to  store  on  shelves,  like  books, 
and  are  practically  self-indexing.  Au  index  card  is  placed  in 
the  front  of  each  filing  case,  with  Hues  numbered  from  1  to  200, 
and,  as  fast  as  drawings  are  put  into  it,  the  numbers  are  checked 
off  and  the  title  written  in.  The  ordinary  Amberg  transfer  case 
is  used.     Forty  of  these  filing  cases  do  not  take  up  much  room, 
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aiul  tlioy  hold  8,000  drawings,  part  of  which  are  9  inches  x  ll| 
inches,  and  part  11^  inches  x  18  inches.  All  these  trac'ngs  haYe 
the  company  name  and  title  ])rinted  in  blank  with  space  for 
date,  number,  examiner's  name,  etc.,  so  that  uniformity  is 
preserved. 


Non":. — This  paper  was  discussed  in  connection  with  No.  909,  by  Mr.  F.  O. 
Ball,  which  see,  vol.  xxii.,  p.  1040. 


THE  BABDWELL  YOTOMETBE. 


No.  911.* 

THE   BARDWELL   VOTOMETES. 


The  present  activity  of  mechauical  mventive  genius  and  its 
responsiveneBS  to  public  wanta  is  strikingly  illustrated  in  the 
voting  macliine.  To  tlie  legislature  of  a  sparsely  settled  eom- 
muuity  far  from  the  centres  of  social  progress — to  that  of  South 
Australia  (18r)7-58l,  is  due  the  credit  of  originating  the  Aus- 
tralian ballot  system,  which  has  in  the  last  lialf-ceritury  been  so 
generally  adopted  among  civilized  nations ;  but  the  credit  of 
devising  reliable  mechanism  which  embodies  every  good  feature 
of  the  Australian  ballot  system  and  at  the  same  time  obviates 
its  many  serious  defects  belongs  to  the  American  inventor. 

Compared  with  former  systems,  the  Australian  system  pos- 
sesses two  paramount  features : 

Fird:  The  state  controls  the  printing  and  distribution  of  the 
ballots.  Only  ballots  issued  under  official  sanction  can  be 
counted.  Again,  a  nomination  made  by  the  few  has  equal  place 
with  that  made  by  the  many.  Nominations  can  be  made  by  all 
and  a  place  on  the  ballot  is  open  to  all. 

Seeond:  The  arrangement  of  the  polling  booth  and  the  rules 
for  marking  the  ballot  are  designed  to  secure  compulsory  se- 
crecy of  voting. 

The  technical  legal  requirements  of  the  Australian  system 
have  proved  a  prolific  source  of  litigation  and  the  judicial  de- 
cisions thereunder  have  resulted  in  ihe  disfranchisement  of  the 
honest  voter.  "  Perhaps  it  may  be  said,"  remarks  one  judge, 
"  that  protection  can  be  afforded  only  by  imposing  a  disability." 
The  defective  ballots  may  be  classified  as  follows:  (1)  Those 
invalidated  by  some  act  of  commission  or  omission  on  the  part 
of  the  officials ;  {2)  those  invalidated  by  some  act  of  commia- 

*  Pre5ented  at  the  Milwaukee  nifeting  {May,  19(H)  of  the  Americnn  Socinty  of 
Afecbanka)  Eugineere.  and  formiag-  part  of  Volume  XS[I.  of  tho  Tranwetiorui. 
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8iou  or  omissiou  on  tlie  part  of   the  voter;  and  (3;  those  in- 
validateil  bv  dislionest  election  offiei^rs. 

Under  the  first  class  may  bo  put  cases  in  which  the  election 
officers  fail  to  indorse*  tlie  ballot  as  re([uired  ;  cases  in  which  the 
election  officers  liavo  marked  the  ballot  erroneously;  and  cases  in 
which  the  ballots  have  not  been  properly  printed  or  numbered. 
In  regard  to  the  secontl  class  of  defective  ballots,  those  defective 
b(»cause  of  failure  on  the  part  of  the  voter  himself  to  comply  with 
the  re(piirement<,  it  may  be  said  that  almost  eveiy  conceivable 
mark  which  a  voter  cc^uld  make  has  been  the  subject  of  judicial 
decision.     The  voters  have  neglected  to  make  such  marks  as 
would  indicate  their  intent ;  have  used  the  wrong  kind  of  marks ; 
have  made  conflicting  marks  ;  have  made  distinguishing  marks ; 
and   have   mark(Ml   with   a   wrong  instrument  or   in   a  wrong 
place.     The  third  class  of  defective  ballots  is  due  to  the  ease 
with  which  a  valid  ballot  may  be  invalidated  b^"  a  dishonest 
election  officer  without  danger  of  detection.     A  cross  surrep- 
titiouslv  added  after  the  inme  of  the  rival  of  the  candidate  for 
whom  the  elector  voted  invalidates  the  vote  for  that  candidate. 
The  Australian  system,  while  hindering  "ballot  box  stuffing" 
by  putting  the  printing  of  ballots  under  state  control,  gives  the 
dishonest  official  an  easy  means  of  showing  a  majority  of  valid 
ballots  for  his  cand  date  by  (mabling  him  through  its  technical 
requirements  to  invalidate  the  ballots  cast  for  the  rivaL     He 
may  be  unable  to  increase  the  number  of  effective  ballots  oast 
for  his  candidate  by  ' '  ballot  box  stuffing,"  but  he  can  decrease  the 
number  of  effective  ballots  cast  for  the  rival;    and  the  latter 
method  has  the  advantage  of  creating  less  suspicion.    The  check* 
list  and  the  numbttr  of  ballots  cast  agree  more  closely.     An  in- 
quiry  into  what   the   voter  did  or  intended  cannot  be  made. 
Protection  to  tlie  sccrocv  of  the  ballot  requires  under  this  sys- 
tem the  im2)ositlo]i  oi  the  j)enalfy — the  rejection  of  the  ballot. 

The  system  of  voting  embodied  in  the  Bardwell  votometer 
contemplates  the  preparation  and  distribution  of  the  ballot 
under  the  control  of  the  static  as  in  the  Australian  system,  and 
the  same  freedom  of  ]}oini nation  ])re vails.  But  the  mode  of  use 
of  the  ballot  in  the  two  systems  differs.  In  the  votometer  sys- 
tem r)nlv  one  biillot  is  printed  for  each  votometer  and  thai  is 
siMMired  upon  tlu'  face  of  the  machine  in  such  a  manner  as  to 
iiidicaic  to  thr*  eLu'tor  where  ho  may  register  his  vote.  No  re- 
el uirements  for  its  technical  marking  by  the  election  officer  or 
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the  voter  are  prescribed,  since  tlie  reaaous  for  such  marking  tire 
absent  in  the  Totometer  syseui.  No  oi>portuuity  exists,  there- 
fore, for  unintentionally  or  intention  ally  invalidating  the  ballot, 
&oA  so  none  for  the  disfrauohisemeut  of  the  voter.  The  voto- 
meter,  when  properly  placed  in  the  poUiug  place,  secures 
secrecy  ns  ofl'eetimHy  as  dops  the  polling  booth  of  the  Anstralian 
system.  It  may  be  readily  so  placed  as  to  screen  the  voter 
from  ideiv ;  and  the  mechanism  being  practically  noiaeleas  in 
operation,  it  is  impossible  to  tell  whether  the  Sector  has  voted 
or  not. 

In  the  moiins  taken  to  secure  secrecy  of  voting,  and  thereby 
freedom  of  choice  and  an.  honest  ballot,  the  votometer  system 
far  excels  the  Australian  system.  The  latter  system  requires 
the  voter  to  leave  a  mark  in  a  designated  place,  and  upon  the 
presumption  that  there  is  nothing  distinguishing  about  the 
simple  mark  prescribed,  bases  its  claim  that  secrecy  is  secured. 
This  presumption  may  have  soma  foundation  in  so  far  as  the 
honest  voter  is  concerned;  for,  that  a  voter  will  unconsciously 
individnaliz.)  hin  cross-mark  is  not  probable.  But  the  presump- 
tion utterly  fails  in  the  case  of  the  dishonest  voter.  He  may 
make  his  cross-mark  so  that  it  will  meet  the  requirements  of  the 
law  and  yet  make  it  distinctive  enough  iu  form  or  place  to  prove 
by  it  that  he  has  kept  his  bargain,  "  delivered  his  goods."  And 
his  skill  is  in  a  measure  aided  by  the  liberal  rule  adopted  by 
courts  that  the  construction  shall  be  against  disfranchisement, 
if  such  couslruction  can  bo  given  without  violating  some  rule  of 
law  or  sound  policy.  The  Australian  system  may  secure  secrecy 
to  the  honest  voter ;  but  it  cannot  compel  secrecy  from  the  dis- 
honest one. 

Iu  the  votometer  system  the  voter  is  not  permitted  to  leave 
any  permanent  indices  of  the  choice  lie  has  made.  No  trace  of 
liis  individual  manipulations  is  visible  to  others  either  during 
or  aftfr  Lis  operation  of  the  votometer.  The  machine  itself  is 
so  arran^'i'd  its  to  screen  the  voter  from  view;  the  dials  of  the 
registers  iin.'  hidden  within  the  machine  casing ;  and  the  iadi(.'a- 
tors  whi<'h  show  the  vlei-  that  the  r.gister  has  operated  are 
drawn  out  n[  view  of  his  successor  by  the  resetting  mechanism 
oi)ei'ated  by  the  voter  as  he  passes  through  the  exit.  The  voto- 
meter presents,  therefore,  precisely  the  same  appearance  to  all 
votei's  when  they  lirst  enter.  The  votometer  secures  secrecy  to 
the  hoiu'.st  Mitt'r  and  compels  secrecy  from  the  dishonest  voter. 
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The  fact  that  in  the  votometer  system  the  Toter  is  not  Teqniied 
or  permitted  to  leave  any  permanent  indices  of  his  choice  relieves 
the  election  officers  and  the  courts  from  the  necessity  of  passing 
upon  jierj)lexing  (questions  of  validity ;  obviates  the  delays  and 
uncertainties  attending  contested  elections ;  takes  away  from  the 
dishonest  election  officer  the  opportunity  of  invalidating  ballots; 
and  removes  from  the  honest  voter  the  danger  of  self-disfran- 
chisoment.  The  careless,  the  stupid,  the  illiterate  Yoter  finds 
himself  restricted  to  a  legal  ballot,  not  by  mere  force  of  a  statute 
but  by  what  is  infinitely  more  effective  in  such  cases,  the  actual 
physical  restraint  imposed  by  the  mechanism.  The  di£kienoe 
is  that  between  "shall  not"  and  "can  not." 

In  the  votometer  system  the  mechanical  registration  of  the 
votes  insures  an  honest  and  accurate  count ;  relieyes  the  election 
officers  of  the  tedious  work  of  counting  and  the  perplexing  task 
of  deciding ;  permits  despatch  in  reporting  the  returns;  and  ren- 
ders unnecessary  the  recounts  so  commonly  called  for  under  the 
Australian  system.  Uncertainty  gives  place  to  oertaintyi  and 
delay  to  promptness. 

Description  of  the  Votometer, 

The  Bardwell  Votometer  is  constructed  wholly  of  steel,  farasSy 
and  aluminum.  The  inechauism  is  enclosed  within  a  metallic 
casing  supported  at  a  convenieut  height  (see  Figs.  468  and  4fi9). 
The  back  of  the  casing  is  removable,  made  up  of  two  parts  hinged 
togetlior,  and  secured  in  ])lace  by  several  locks  having  different 
keys.  This  construction  of  the  back  permits  the  election  officers 
to  ol)taiii  access  to  the  card-boxes  to  replenish  the  supply  of 
cards  for  tlie  indepcMulent  vote  without  exposing  the  dials  of  the 
registers.  The  diilbreiit  keys  are  distributed  among  the  election 
officers  so  that  it  re(juires  the  consent  of  all  to  open  the  voto- 
meter. 

The  votometer  is  sectional  in  ccmstruction,  which  permits  in- 
tercliangeability,  gives  elasticity  of  arrangement,  and  famishes  a 
means  of  increasing  tlie  capacity  of  the  votometer  for  special 
pur])oses.  Thr^  standard  section  is  one  designed  and  adapted  to 
register  the  vote  for  offices  to  wliicli  only  one  candidate  is  elected ; 
such  as  tlie  office  of  govi'rnor,  mayor,  etc.  The  law  forbids  the 
elector  to  cast  more  than  one  vote  for  such  an  office  and  the  sec- 
tion must  l>e  so  constructed  as  to  limit  him  to  one  vote  therefor. 
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A  standard  section  comprisea  (eee  FigB.  470-472,  the  latter 
figure  being  a  central  longitudinal  sectional  view  witli  the  front 
casing  i'*  in  place)  a  main  plate  h  of  metal,  twenty-seven  inches 
long,  three  inches  wide,  and  three  thirty-seconds  of  an  inch  thick. 
Upon  the  front  of  this  plate  are  secured  the  indicators  i  ( Fig.  473 1, 
which  show  where  the  key  has  Iteen  turned  and  the  register  oper- 
ated, and  a  portion  of  the  front  casing  h"  iFigs.  472  and  473', 
which  bears  upon  it  the  part  of  the  ballot  to  which  the  section 


ia  assigned.  The  main  plate  b  is  secured  at  its  upper  end  to  a 
hollow  ateel  bar  P  and  at  its  lower  end  to  a  metal  base  plate 
P'  that  extend  transversely  in  the  interior  of  the  casing  (Figs. 
470,  471,  and  474).  On  the  back  of  the  main  plate  are  secured 
the  registers  C,  of  which  there  Is  one  for  each  position  on  the 
ballot ;  and,  also,  the  parts  that  limit  the  number  of  successive 
times  the  voter  may  turn  the  key  in  tlie  same  direction  in  that 
section,  those  that  operate  the  indicator  t  above  referred  to, 
and  those  that  reset  the  mechanism  after  operation.  At  the 
upper  end  of  the  main  plate  is  attached  the  card-delivering 
mechanism,  and  the  card  box  K,  which  contains  a  supply  of  cards 
k  for  the  "Independent"  vote.     A  notched  vertical  slide  i"  ex- 
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tends  the  entire  length  of  the  back  of  the  main  plate  h  (Figs. 
470,  471,  and  474i  and  projects  below  it  across  the  face  of  the 
base  plate  P'  (Figs.  476  and  477}.  This  slide  //  is  provided  with 
studs  ?'■",  lr\  and  IP,  adapted  to  engage  the  interlocking  slide  J^, 
the  bell  crank  (^,  and  the  maiu  resetting  slide  G,  all  of  which  are 
secured  to  the  base  plate  /",  as  shown  in  Figs.  470  and  475-477. 
Over  each  notched  portion  of  the  vertical  slide  and  adjacent  to 
each  register  is  a  notched  indicator-plate  M,  bo  called  becanse 
to  it  is  secured  the  indicator  i  (Fig-  473 1,  above  referred  to.  The 
vertical  slide  h'  ia  free  to  slide  under  the  indicator-plates  i. 
Through  the  main  plate  b  extends  the  shank  of  a  +  shaped  key- 
piece  i^  I  Figs.  470-472),  the  outer  end  of  the  shank  being 
adapted  to  receive  a  key  D  (,Fig.  471),  by  means  of  which  it  is 
rotated,  and  the  cross  piece  of  the  +  lying  parallel  to  the  hack 
of  the  plate  and  forming  wings  or  ears  b''(Fi^.  470  ami  472),  one 
of  wliifh  engages,  when  the  key-piece  is  rotated,  a  notch  in  the 
adjacent  indicator-plate  J/  and  vertical  slide  b'.  A  key-piece  // 
is  provided  for  each  register  C,  and  one,  b'"',  for  the  card  delivery 
£'(Fig3.  470-47'2),  and  through  a  pinion  mounted  on  its  inner  end 
serves  by  its  rotation  to  actuate  the  register  (or  card  delivery). 

The  operation  of  the  mechanism  which  limits  the  voter  to  a 
legal  ballot  will  now  be  understood.  Wlien  the  key-piece  If  is 
turned  clockwise  by  means  of  the  key  D  (Fig.  471  and  the  central 
section  in  Fig.  470)  the  lower  ear  ff  engages  in  the  notch  in  the 
indicator-plate  Af  and  vertical  slide  i',  the  notches  in  the  plate 
and  the  slide  registering  or  coinciding  (see  outer  sections,  Fig. 
470;.  The  engagement  of  the" ear  li'  causes  the  vertical  slide  b'  and 
the  indicator-jilate  -1/  to  rise  as  the  key-piece  h"  is  turned,  the 
notclir'S  in  the  vertical  sli<le  and  the  indicator -plate  adjacent  to 
the  koy-piece  that  is  turned  remaining  in  register  or  coincidence. 
But  as  the  vartical  slide  6"  rises,  it  sliiles  under  the  indicator- 
plates  adjacent  to  the  other  key-pieces,  those  that  are  ■'">'  turned, 
and  the  notih  in  the  vortical  slide  moves  out  of  register  with 
the  notcli  in  the  said  indicator-plates.  This  is  beat  shown  by 
the  dotted  lines  in  Fig.  480  and  the  central  section  of  Fig.  470. 
The  result  is  that  a  projecting  portion  of  the  vertical  slide  la 
portion  intervening  between  two  successive  notches)  comes 
nn<Ier  the  notch  in  the  overlying  indicator-plate  and  p^-events 
the  inward  movement  of  the  lower  ear  of  the  key-piece  adjacent 
thereto,  whilo  a  portion  of  the  indicator- plate  covers  the  notch 
in   tho  vortical  slide  and  i>revonts  the  inward  movement  of  the 
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upper  ear  of  said  key-piece.  Therefore,  after  taming  a  key- 
piece  clockwise  in  a  staiidnrd  Rection  it  is  impossible  to  tnzn  any 
other  key-piece  in  that  section.  Furthermore,  it  is  impoflsihle 
to  turn  the  same  key-piece  in  the  same  direction  more  than  a 
half-turn,  as  will  be  made  evident  by  a  glance  at  the  lower  key- 
pi^ce  in  the  central  section  of  Fig.  470 ;  hence  the  elector  is  lim- 
ited to  one  vote  on  that  register,  or  for  his  candiflate.  But  since 
the  notches  in  tho  vertical  slide  and  the  indicator-plate  adjacent 
to  the  key-piece  which  has  been  turned  remain  in  register,  the 
upper  ear  of  that  particular  key-piece  may  be  turned  inward; 
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that  is,  the  key-piece  may  be  turned  in  the  opposite  or  conntei^ 
clockwise  direction  so  as  to  count  off  the  vote.  The  parts  will 
then  be  restored  to  their  original  position  shown  in  the  left-hand 
section  of  Fig.  470.  From  tliis  figure  it  is  evident  also  that  the 
key-piece  may  be  turned  backward  through  only  the  same  arc 
that  it  has  been  turned  forward,  /.r.,  a  half-turn.  From  this  it 
results  that  a  voter  cannot  turn  a  key-piece  backward  nntQ  he 
has  turned  it  forward ;  and  while  lie  may  correct  any  mistake, 
lie  cannot  count  off  any  vote  other  than  his  own.  The  upwud 
movement  of  the  indicator-plate  Jf  brings  into  view  the  indioatoir 
/  attached  thereto,  wliicli  shows  the  voter  that  the  register  has 
operated,  and  enables  him  to  verify  or  correct  his  yote. 

This  correction  r)f  mistakes  is,  however,  permissible  only  in 
(^Hse  the  voter  has  actuated  a  regxAhr.   Where  the  Toter,  desiznig 
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to  cast  an  independent  vote  I, that  is,  to  vote  for  one  vhose  name 
IB  not  on  the  olQcial  ballot),  has  drawn  a  card  by  actuating  the 
card-delivering  mechaniam,  it  would  be  wrong  to  permit  him  to 
turn  baclv  tie  kc\  piece  which  he  has  actnated,  and  thereby 
restore  tl  o  lutchanism  to  its  initial  position,  since  this  would 
permit  him  to  lote  more  than  onto  To  obviate  Buch  a  reeolt 
the  Bhank  t  f  the  kej  pipce  I  of  the  card-delivering  mechanism 
is  fitted  VI  ith  a  ratchet  h  which  engages  a  pawl  S"  pivoted  on 
the  front  of  the  main  plate  b  and  controlled  by  the  sprii^  i" 


iFigs.  471  and  478^  Tliis  pawl-and-rntchet  mechanism  permits 
only  the  forwurd  <'r  (.■lockwise  rotation  of  the  key-piece  V;  and  a 
voter  having  once  chosen  to  actuate  the  card -delivering  mechan- 
ism, lie  is  ]>rQveuted  from  voting  upon  the  registers  in  that  sec- 
tion. Hu  mnst  abide  liy  liis  clioicf) ;  the  electoral  franchise  is  not 
an  imrestniiued  license.  The  law  provides  a  remedy  for  iuad- 
verteni.-e,  but  not  for  indecision  on  the  part  of  the  voter.  And 
the  votoTUftor  iw  coustrncted  to  conform  to  the  law. 

Whore  tht>  LjcjiI  hiw  permits,  it  is  desirable  to  provide  means 
for  Tilting,'  ;i  "  sfrai;^ht  ticket."  The  "  straight  ticket "  section  is 
identic.il  witli  iho  stimdard  section  first  described,  except  that  its 
vertical  si i lie  //"   Fis?*.  47i>and  477 1  is  formed  just  below  the  main 
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piste  /'  witli  a  rack  li"  that  raesheB  with  tlie  pinion  J^.  The  legiB- 
ters  of  thin  section  arn  tiRtugiied  each  to  a  party,  and  tlie  Bctiu- 
tion  of  a  ri'^ister  counts  one  vote  for  eacli  of  tbe  candid&ies  of  the 
party  to  which  the  register  actuated  is  assigned.  Sut  the  voter 
who  LiiB  voted  a  "  straight  ticket "  must  be  prevented  from  Toting 
iu  Uie  sectiouH  assigned  to  individual  candidates.  The  fnllowing 
construction  seiTes  to  limit  sncli  a  voter  to  a  legal  ballot.  The 
pinion./*''  (Figs.  470  and  477)  that  meshes  with  the  rack  i^  on  the 
vertical  slide  //"  meshes  also  with  the  rack  f  on  the  interlock- 


ing slide  /■',  V'litical  movement  of  the  slide  W*  causes  horiacm- 
tal  movement  n[  tlie  interlocking  slide  J'\  which  is  sapported  on 
studs  /.  M'hon  the  vi>itical  slide  /i"  is  raised  by  the  aotnation 
of  a  register  in  the  "stiaiglit  ticket"  section,  the  iutorloeking 
slide  F  is  movi-d  so  as  to  interpose  its  downwardly  projecting 
portions  over  the  studs  !r'  on  tlie  vertical  slides  ^  of  the  seotionB 
assigned  to  individual  candidates,  tliereby  locking  the  said  slideH 
and  all  the  register-actuators  (or  key-pieces)  controlled  by  them. 
It  follows,  tlierefnre,  that  the  actuation  of  a  register  in  the 
"straight  tic^ki^t"  section  )irevents  the  actuation  of  all  legisterB 
assigned  to  individuals  unless  the  voter  counts  off  hia  Tote, 
thereby  lowering  the  slide  li",  and  restoring  the  interloeUiig 
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slide  to  its  initial  position.  Wliile  in  this  initial  position,  the 
notches  of  the  interlocking  alide  F'  are  over  the  studs  //'  of  the 
vertical  slides  h^  and  so  permit  the  free  vertical  movement  of 
the  slides.  If  one  of  the  slides  l-^  is  raised,  that  is,  if  the  elector 
casts  a  vote  in  one  o(  the  sections  assigned  to  individual  candi- 
dates, the  alide  &"  cannot  be  raised  and,  therefore,  a  vote  in 
tlie  "  straight  ticket "  section  cannot  be  cast  in  addition  to  one 
for  an  individual.   This  limitation  results  from  the  interposition 


Fic.  i76. 


of  the  atnd  //"  of  the  vertical  slide  6'  in  the  path  of  the  inter- 
locking slide  -f ,  as  shown  in  Figs.  470  and  477.  By  removing  the 
pinion/'"  the  "straight  ticket"  feature  is  eliminated,  and  the 
section  may  be  used  as  a  standai'd  section, 

"  QnvHi'"ii  "  Sii-fioii. — In  the  section  reserved  for  questions 
the  vertical  slide  is  divided  into  as  many  parts  r(Fig.  481;  as 
there  are  questioTis  submitted.  These  parts,  V,  are  controlled 
by  a  Huppleinentary  resetting  slide  v\  A.  single  section  has 
capacity  for  fnnr  que.'^tions.  If  "  yes  "  is  voted,  the  movement 
of  the  part  V  makes  it  impossible  to  vote  "no"  on  the  same 
([uestinn  in  addition,  and  riiv  versa,  bat  any  mistake  maybe 
i^orrpctcd.  as  in  other  cases.     It  is  to  be  noted  that  the  inter- 
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locking  slide  F  in  no  way  controls  this  section,  and  voting  a 
"straight  ticket"  may  l>e  doue  independently  of  an  exprassion 
of  opinion  in  the  "  qnestiou  "  Bection,  and  'cice  versa. 

Siieiitivn  or  Group  K-rt'oitti. — For  some  offices  it  may  be  pei^ 
missible  to  vote  several  times ;  as,  for  the  office  of  school  com- 
mittee man  the  elector  may  vote  as  many  times  as  there  are 
vacancies  in  the  committee.  But  he  cannot  vote  more  than 
once  for  the  same  ciindidate  for  the  same  office,  even  though 


tiiiit  candidate  he  nominated  ("  endorsed ")  therefor  by  more 
th  :ii  one  ]iiirtv.  In  thn  soi^tioitH  devoted  to  this  aeleotiTe  or 
niiiltiplr;  voting  the  vertical  slide  is  divided  into  as  many  parts 
as  tliere  are  key-])ieci>s  in  the  eolnmu,  and  each  of  these  parts  is 
connected  hy  means  of  a  suitable  rod  with  a  limiting  devioe 
whieli  is  attached  to  the  base  plate.  This  limiting  derioe  is 
adjustable,  and  may  be  net  to  permit  the  toxning  of  the  key 
a  predetermined  nnml)er  of  times;  that  is,  a  given  nomberof 
candidiites  for  a  (Certain  office,  may  be  voted  for,  and  no  more. 
AVhere  a  candidate  is  endorsed  {i.e.,  nominated  by  more  than 
one  part}- 1,  tlin  operation  of  one  of  the  registers  assigned  to  him 
pi-events  tlie  opertitioit  of  the  others ;  therefore,  an  endoned 
candidate  can  l>e  voted  for  only  once  by  the  same  Totar,  ixm- 
speutivi;  of  the  number  of  parties  of  whicji  he  is  the  "«"»"«— 
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The  To/oZt^^r.— Mounted  on  the  base  plate  P '  (FigB.  470,  476, 
477)  is  ihe  ref^steriiig  slide  K  provided  with  studs  '■.  One  arm 
of  the  bell  crank  e^  normally  rests  against  the  stud  e  and  the  other 
arm  agaioat  the  atud  /r'  on  tlio  vertical  slides  i"  //*'.  Vertical 
moTemeut  of  the  slides  P  li"  causes  horizontal  movement  of 
the  registeriog  slide  E,  which  is  connected  through  the  bell- 


crank  '■'  and  rod  >:''  {Fig.  476)  with  the  counter  or  totalizer  ar 
l,Figs.  474  and  475).  The  first  turning  of  the  key  by  the  voter 
raises  the  vertical  slide,  moves  the  rogistering  slide  e  horizon- 
tally, and  aetuates  the  totalizer  j'.  Thus  the  totalizer  registers 
the  total  number  of  voters  wlinuse  the  votometer,  and  no  more. 
Tin-  C'lf-'-"/  .'^/'Jf.—Vi'here  the  suSrage  is  unequal  (as  in  case 
of  women  voters,  poll-tax  payers\  it  is  necessary  to  provide 
means  by  which  to  prevent  the  restricted  voter  from  exercising 
the  greater  privilege  of  the  rejjular  voter.  In  the  votometer 
the  restricted  voter  is  pri'vented  from  turning  the  key  where  he 
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is  not  entitled  to  do  so  by  the  following  means :  A  "  cut-out " 
slide  //  is  attached  to  the  lower  part  of  the  frame  and  adjacent 
to  the  base  plate  P '  ( Figs.  470, 476,  and  477).  To  this  slide  ^are 
detachably  secured  wedge-shaped  pieces  /t  adapted  to  engage  the 
studs  //"  on  tho  h)wer  ends  of  the  slides  i"  t** .  These  pieces 
//  are  placed  adjacent  to  the  vertical  slides  of  the  sections  that 
are  denied  to  the  restricted  voter ;  and  when  such  a  voter  pre- 
sents himself,  the  inspector  draws  the  cut-out  slide  JST  and 
thereby  raises  the  vertical  slides  of  the  prohibited  sections  to 
their  locking:  position  by  the  engagement  of  the  studs  i**  with 
the  inclined  faces  of  the  pieces  //. 


Kuj.  470. 


77//'  TieRf'iinig  SVuh\ — After  tho  elector  has  voted,  the  voto- 
meter  must  be  reset  for  tho  next  elector.  A  resetting  slide  G 
(Figs.  470,  47<i,  and  477)  is  secured  to  the  base-plate  P  ^  and  is 
foriLiod  witli  inclined  faces  tliat  are  adapted  to  engage  the  studs 
//--  on  tho  lowor  ends  of  tlio  vortical  slides  i^J***  when  said  slides 
are  raised.  Fig.  470  shows  the  resetting  slide  G  at  the  limit  of 
its  resetting  movement,  which  is  accomplished  by  the  raising  of 
the  exit  bar. 

Entrdiu-o  and  Ju-ii  Bars. — Tlie  entrance  and  erit  bars 
connected  with  eacli  otlier  tlirougli  the  medium  of  the 
setting  slide  (L  Eacli  is  i)rovidod  with  a  lock  or  bolt»  but  only 
om.'  can  bo  in  a  locked  position  at  a  given  time.  The  entrance 
bar  is  unlocked  and  the  registering  mechanism  locked  by  the 
act  of  raising  tho  (^xit  bar ;  and  the  exit  bar  and  the  registering 
nirclianisin  are  unlocked  by  the  act  of  raising  the  entrance  bar. 
When  the  encranco  bar  drops,  it  automatically  looks  itself  ihi|B 
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preventing  the  exit  of  the  voter  by,  or  tlie  entrance  of  others  at, 
that  end  of  the  machine  ;  and  similarly  tlie  fall  of  the  exit  bar 
automatically  locks  the  exit.  Heuee  n  voter  cannot  return  after 
having  once  had  an  oppoi  tiinity  to  cast  hia  vote. 

The  Card  Delhery.—An  elector  is  privileged  to  vote  for 
persons  not  on  the  official  liallot,  that  is,  to  vote  "independent," 
The  independent  voter  is  jirovided  for  by  the  card-delivering 
mechanism  by  means  of  uhich  ho  ia  enabled  to  procure  a  card 
from  a  card  bos  /fat  the  top  of  each  section  (Figs.  470-472  and 
478).  The  cards  ^  are  suitiiMy  printed  understate  control.  The 
actuation  of  the'  key- piece  /'"  sets  in  motion  the  train  of  gears /■', 
V;  P,  l",  and  k^,  and  thereby  rotates  the  star-wheel  /■"',  the  teeth 
of  which  are  in  contact  witli  tlie  lowermost  card.  The  card  is 
thus  fed  through  a  slit  sufficiently  far  to  enable  the  voter  to 
seize  it.  Only  one  card  cau  pass  through  the  slit  at  a  time. 
The  turning  of  the  key-piece  /<'"  raises  the  vertical  slide  '<",  thereby 
preventing  the  elector  from  turning  any  other  key-piece  in  the 
section.  The  pawl-and- ratchet  mechanism  shown  in  Fig  473 
prevents  the  backward  rotation  of  the  key-piece  J™,  aa  above  ex- 
plained. Hence  tlie  drawing  of  a  card  is  final  in  that  section 
and  admits  of  no  change  of  purpose.  After  the  "  independent " 
voter  lias  indicated  his  choice  ou  the  cnrd,  lie  dpposits  it  in  a 
suitable  receptacle  provided  therefor. 

Tin:  J.'-'ifit/i  /:i. — The  inner  end  of  the  shank  of  the  key-piece 
is  provided  witli  a  pinion  --  (Fig.  479)  that  meshes  with  the  gear 
c\  fast  on  tlie  shaft  '-'^  of  which  is  a  single -toothed  wheel  f*  and 
the  pointer  of  the  units-register.  The  shaft  ',■"'  carries  the 
pointer  of  the  tens -register,  the  shaft  c'^  that  of  the  hundreds- 
register,  and  tlie  shaft  c'*  that  of  the  thousands-regieter.  The 
operation  of  the  register  will  be  evident  from  a  study  of  Fig. 
470.  The  registers  embody  the  interlocking  feature  of  the 
Oeiicv;',  movement,  and  another  safeguard  to  accuracy  and  hon- 
esty of  I'ount  is  thereby  added. 

An  important  feature  of  the  registering  mechanism  is  that  the 
voter,  by  means  of  his  key,  puts  himself  in  direct  ijoaitive 
mecliaiiical  connection  with  the  register  wheels.  Only  one 
operation  is  necessary,  and  thus  is  avoided  the  danger  of 
mechanism  failing  to  cooperate— a  danger  present  where  there 
are  more  operations  than  one.  In  the  votomotor  the  turning  of 
the  key  is  certain  to  ujierate  the  register.  Again,  the  registerm 
are  i)]ierated  i<w  by  one,     Where,  a';  in  some  voting  machines, 
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the  voter  tirst  oper&tea  mechanism  wbioli  selects  the  registers 
that  he  desires  to  actuate,  and  then  operates  a  second  mechanism 
that  actuates  all  the  selected  registers,  a  defect  in  either  mech- 
anism may  cause  a  failure  to  register  the  whole  vote.  And  a 
lack  of  adjustment  and  cooperation  between  the  selecting  and 
the  actuating  mechanisms  results  in  a  failure  to  count  on  the 
register  where  the  defect  exists.  Another  safeguard  is  provided 
in  the  votometer  system  l>y  the  key,  which  is  double-bitted. 
The  bittij  of  the  key  prevent  its  withdrawal  before  tlie  comple- 
tion of  tho  half-turn,  and  thus  insure  the  completion  of  the  neces- 
sary movement  by  the  voter.  As  shown  in  Figs.  473  and  47-"i, 
the  keyhole  is  in  the  centre  of  the  space  allotted  to  the  candi- 
date. This  arrangement  guards  against  doubt  on  the  part  of 
the  voter  as  to  which  register  is  assigned  to  a  candidate.  An- 
other safeguard  which  insures  that  the  voter  shall  not  vote  for 
one  candidate  under  the  impression  that  he  is  voting  for  another 
is  found  iu  the  indicators  i,  which  appear  in  the  form  of  a  cross- 
mark  X  to  the  right  of  the  keyhole  wljeu  the  register  is  actu- 
ated. After  having  voted,  the  elector  may  step  back  from  the 
machine  and  verity  his  vote  by  means  of  the  indicators.  More- 
over, the  appearance  of  the  indicator  assures  the  elector  that 
the  register  has  operated  and  his  vote  has  been  counted. 

The  ballot  is  protected  by  transparent  material  held  in  place 
by  the  frame  N,  rod  B,  and  screw-eyes  r  (Fig.  473). 

1'he  registers  are  correspondingly  numbered  on  front  tmd 
back.  This  forms  a  ready  means  of  identifying  the  registers 
with  the  candidates  to  which  they  are  assigned.  ~  Where  photo- 
graphfi  of  the  front  of  the  machine  and  the  dials  are  taken  for 
record  purposes,  as  is  usual,  this  nnmbering  is  found  vvry 
useful  in  reading  the  record. 

Operation. 

A  voter  is  given  the  key  by  tlie  inspector  and  enters  the 
miicliine  by  raising  the  entrance  bar,  which  unlocks  the  exit  and 
draws  tlie  main  resetting  slide  G  into  a  position  which  makes 
it  possible  to  turn  the  key  in  any  section  of  the  machine.  When 
it  drops,  the  entrance  bnr  automatically  locks,  thereby  prevent- 
ing the  exit  of  the  voter  by,  or  entrance  of  others  at,  that  end  of 
the  machine. 

lilt'  vi)ter  finds  u])oii  the  face   of  the    machine  the  names  of 
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tLe  varii>us  partitas  und  caiulidateK  arrauged,  either  alphabeti- 
cally or  in  party  order,  topjether  with  the  qnestions,  etc.,  that 
comj)rise  tlio  ballot  (Figs.  408  and  47")).  The  top  horizontal  row 
is  devoted  to  tho  "independent'*  feature  (or  card  delivery),  by 
which  a  voter  niav  vote  for  an  individual  whose  name  does  not 
appear  upon  the  ballot.  In  the  typo  votometer  there  are  8 
horizontal  rows  and  2l'  sections,  of  which  18  sections  are  as- 
signed to  tlie  names  of  the  candidates  for  the  various  offices,  the 
names  of  (candidates  for  the  same  office  being  arranged  one  above 
t]ie  other  in  the  same  section.  Tlie  first  and  last  sections  are 
devoted  to  the  emblems  of  the  parties.  The  second  section 
from  the  left  is  the  "straight  ticket"  section  containing  the 
names  of  the  })arties,  while  the  names  of  the  candidates  for  the 
various  oflii^es  are  arranged  in  adjacent  sections  in  regular  order. 
The  second  section  from  the  right  is  the  "question"  section. 

Htrtti(jhl  7i''h't  I'tffhuj. — Tlie  voter  may  make  any  legal  selec- 
tion he  wishes.  If  he  desires  to  cast  by  a  single  half-turn  of 
the  key  a  vote  for  all  the  nominees  of  a  party,  he  confines  him- 
self to  the  "  straight  ticket  '  section,  and,  inserting  the  key  in 
the  j^ropcr  liole — whicli  is  in  the  centre  of  the  lal)el  (Figs.  473  and 
475 1  bearing  iho  name  of  the  party  for  all  the  candidates  of  which 
he  wishes  to  vote — he  gives  it  a  half-turn  to  tlie  right,  the  limit 
of  its  motion.  The  effect  of  this  half-turn  is  positively  to 
actuate  the  r(»gister  at  the  back.  He  cannot  withdraw  the  key 
until  he  has  com])leted  a  half-turn,  and  therefore  registered  his 
voto  beyond  peradventur<\  Simultaneously  with  the  turning 
of  the  key,  an  iiidi(»ator  cross,  m-  < ,  appears  at  the  right  of  the 
keyholt?,  showing  at  a  glance  where  he  has  voted.  It  is  now 
im])ossiblr'  to  turn  the  key  in  any  other  hole  in  that  section — 
tliat  is.  to  vote  an  additional  "  straight  ticket "  ;  audit  is  also 
im])ossib](>  io  voie  on  a  register  assigned  to  an  individual  on  the 
chosen  tick<*t  <»r  any  other  ticket.  However,  the  ''question" 
section  remains  unlock<'«l. 

Vntiiiti  nil  (j/fr.s/f'niis,  TJie  afHrmativc  and  the  negative  are 
(»ach  assigin'<l  a  keyhole  iFigs.  475  and  4:Sl),  and  the  voter  ex- 
])resses  his  o])ini(»n  on  tli>)  ([uesticm  by  inserting  and  taming 
the  key  in  one  keyhoh^  or  the  other,  according  to  his  view.  The 
iiidicator-cioss  a])pe;irs.  as  before,  to  apprise  the  voter  that 
ihai  n'Lristrr  lias  counted.  Additional  questions  that  maybe 
upo]i  the  ballot  may  be  voted  n]>on  in  the  same  manner.  If 
"yes"  i^  voti^l  on  any  given  (piesti(>n,  it  is  impossible  to  vote 
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"no"  thereon  in  additiou,  ami  vice  versa.  After  having  voted 
a  "  Btraight  ticket,"  and  on  the  questions,  it  is  impossible  to 
turn  any  key  forward,  or  clnckwise, 

Qyrreding  Mistakes. — All  that  can  now  be  done  is  to  correct 
mistakes.  Any  register  that  the  voter  has  moved  forward  he 
may  move  backward  to  the  same  degree — that  is,  to  count  off 
his  own  vote,  but  no  otJier.  The  indicators  show  the  voter 
which  registers  have  been  moved  by  him.  If  he  discovers  that 
the  cross  shows  at  the  right  of  the  keyhole  assigued  to  tk  partj' 
for  which  he  did  not  inteml  to  vote — in  other  words,  if  he  finds 
he  has  made  a  mistake  by  turning  the  key  in  the  wrong  hole — 
he  may  re-insert  the  key  and  turn  it  backward  (counter-clock- 
wise), thus  counting  oflf  that  vote.  He  may  now  make  a  new 
choice,  with  the  same  limitatinn  as  before.  The  same  course 
may,  if  desired,  be  followed  in  regard  to  the  vote  on  the  ques- 
tions. Thus  all  mistakes  made  by  the  voter  may  be  corrected 
without  loss  of   privilet;e. 

MescUiiitj  and  Locking  on  Krit. — The  voter  leaves  the  machine 
at  the  opposite  end  to  that  at  which  he  entered  and  returns  the 
key  to  tlie  Inspector.  In  passing  out  he  raises  the  exit  bar, 
which  is  similar  to  the  entrance  bar,  and  theyeby  simultaneously 
resets  and  locks  the  registering  muchauism,  in  which  condition 
it  remains  nntil  the  next  voter  raises  the  eutranoe  bar;  so  that 
should  he,  or  any  other,  surreptitiously  return,  it  would  be  im- 
possible to  cast  a  vote  or  to  turn  off  any  already  cast.  The 
exit  bar  drops  to  its  horizontal  position,  in  which  it  locks  itself 
and  remains  locked  until  the  nest  votiM-  enters.  Every  voter 
tiuds  it  impossible  to  gain  access  to  the  face  of  the  machine  be- 
fore his  predecessor  has  passed  out ;  that  is,  the  bar  at  the 
enl^rance  end  of  the  machine  cannot  be  raised  until  the  bar  at 
the  exit  end  has  been  operated. 

Ini'iflar  Vtilinij. — Another  voter  enters  as  did  the  first,  and, 
desiring  to  vote  "irregular"  or  a  "split"  ticket,  he  neglects 
the  "  straight  ticket "  section,  and  votes  for  his  candidates  in- 
dividii;iUy — selections  from  different  parties.  The  construction 
of  the  votometer  is  well  adapted  to  the  expeditious  and  easy 
votini^  of  a  "split"  ticket.  The  registers  are  operated  one  by 
one  :  iind  the  turning  of  the  key-piece  of  a  register  completes 
in  mil'  sitiiph'  and  familiar  operatiou  the  vote  for  the  candidate 
to  wliicli  the  register  is  assigned.  The  voter  cannot  go  wrong, 
for  the  nieifh.inisin  limits  him  to  a  legal  ballot,  the  keyhole  is 
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in  the  centre  of  tlie  label,  ami  the  indicators  show  him  fcxr  whom 
he  has  voted. 

Tnthff)e)i/h'itf  V'*ffi)fj. — Insteail  of  actuating  a  r^^ter  assigned 
to  a  party  or  to  an  individual,  the  independent  Toter  actmites  a 
card-<lelivering  mechanism  by  turning  the  key  in  the  top-row 
and  in  tho  key-hole  assigned  to  the  office  for  which  he  desires 
to  name  a  candidate.     From  a  slit  immediately  above  the  key- 
hole there  appears  simultaneously  with  the  turning  of  the  key 
a  card  suitably  ]>rinted,  upon  which  he  puts  the  name  of  the 
candidate  for  whom  he  wishes  to  vote.    He  may  then  deposit 
this  card  in  the  properly  <lesignated  receptacle  provided.     By 
prr)curing  a  card  the  voter  locks  the  registers  of  that  section, 
and  thereby  denies  himself  the  privilege  of  voting  for  an j  candi- 
date for  the  office  to  which  that  section  is  assigned.     But  in  the 
s(*ctioiJs  otlier  than  the  '^  Straight  Ticket "  section,  and  those  in 
which  he  lias  drawn  a  card,  the  voter  may  still  actuate  the  registers 
and  afterwards  con-ect  any  mistake  he  may  have  made  in  doing  sa 

H'ht/'firi:,  Vofhiij. — "NVhere  there  are  more  vacancies  than  one  in 
a  givr?n  office  'Vy/.,  coroner,  judge,  alderman-at-lai^),  the  machine 
may  br^  suitably  arranged,  either  to  permit  voting  for  all  of  the 
candidates  of  any  one  party  for  that  office  as  a  group  at  a  siiq^e 
half-turn  of  the  key,  or  so  that  each  candidate  may  be  voted  for 
indivi<lually.  In  the  fii*st  instance  all  of  the  nominees  of  the 
same  party  for  the  office  in  (piestion  are  printed  upon  a  sin^ 
label  and,  consequently,  are  assigned  a  keyhole  in  common;  it 
follows  that  a  turn  of  the  key  counts  a  vote  for  each  one  of  the 
group.  In  case  the  voter  does  not  desire  to  vote  for  all  the 
candidates  in  one  group,  or  if  he  desires  to  vote  for  names  found 
in  dift'erent  groups,  ho  may  vote  "independent,"  draw  a  card 
and  upon  it  make  any  proper  condonation  of  names  he  wishes, 
and  tlioii  deposit  the  card  as  an  independent  vote. 

In  the  second  instance  only  one  candidate's  name  appears 
u))on  the  label,  and  tlie  key  may  be  turned  in  as  many  places  for 
that  offi(rc  as  the  voter  is  entitled  to  vote  for  candidates  therefor, 
and  DO  more ;  that  is,  the  predetermined  number  of  ftandidatftfi 
may  b(^  voted  for,  and  they  may  be  nominees  of  one  party  or  of 
(lifterr;nt  parties.  lu  any  case  it  is  impossible  to  vote  more  tiian 
tlie  l(»gal  number  of  times. 

Thi'  l\mlnrsr(1  ('tufflifffffe. — When  the  voter  is  entitled  (oTote 
for  more  tlian  one  candidate  for  a  certain  office  and  one  (or  mote) 
of   tlie    (*;in(lidaies    has   been    ''endorsed"   (that  is,  has  been 
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nominated  hj  more  than  one  party  for  that  office),  the  limiting 
mechanism  provided  makes  it  impossible  for  the  elector  to  vote 
for  such  a  candidate  more  tbau  once  for  that  office,  although  his 
name  appears  more  than  once  for  that  office  on  the  ballot.  Such 
a  candidate  may  be  voted  for  as  the  nominee  of  the  chosen  party, 
and  the  vote  counts  for  him  only  as  the  nominee  of  that  party. 

Class  To/iVm/ .^-Certain  voters  {e.^.,  women  voters,  poll-tax 
payers)  are  restricted  in  their  right  of  suffrage  to  certain  offices 
{e.g.,  school  committee).  Wliensuchavoter  appears,  a  key  wliich 
is  accessible  only  from  the  back  of  the  machine  is  turned  by  the 
Inspector,  until  the  attached  indicator  shows  the  voter  and  any 
other  present  that  the  machine  is  properly  set  so  as  to  prevent 
her  from  exceeding  her  privileges.  Upon  entering  the  machine 
she  finds  it  impossible  to  turn  the  key  except  in  the  sections 
where  she  is  legally  entitled  to  do  so.  After  the  exit  of  a  re- 
stricted voter,  the  machine  is  properly  adjusted  by  the  Inspec- 
tor, by  means  of  the  key  on  the  back  of  the  machine,  for  the 
next  regular  voter. 

Any  keyholes  which  are  not  in  use  may  bo  covered  with  suit- 
able metal  caps  that  are  provided  with  the  machine,  thns  pre- 
venting the  turning  of  the  key  where  the  labels  are  blank. 

If  during  the  poll  it  is  desired  to  replenish  the  supply  of  cords 
in  the  upper  part  of  the  votometer,  the  upper  part  of  the  hinged 
cover  is  unlocked  and  access  is  thereby  gained  to  the  card  boxes 
without  exposing  the  registers.  At  the  closing  of  the  poUa  the 
entire  cover  is  removed,  thereby  exposing  the  register  dials, 
which  are  then  read  and  photographed. 

SUMMABT. 

1.  The  votometer  secures  absolute  secrecy.  The  only  trace 
left  by  the  voter  of  his  manipulations  is  the  change  of  position 
of  the  register  pointers,  and  this  change  ia  hidden  by  the  voto- 
meter casing. 

2.  No  defective  vote  can  be  cast.  There  ai-e  no  technical  re- 
quirements to  be  complied  with  or  violated  by  the  voter.  The 
vote  of  every  elector  is  eqiial  in  its  influence  upon  the  result  to 
the  votfl  of  every  other  elector.  The  choice  of  every  voter  finds 
expression  upon  the  votometer  and  has  its  influence  on  the  result- 

3.  No  vote  can  be  invalidated  by  the  dishonesty  or  carelessness 
of  the  election  officer. 
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4  No  illegal  ballot  can  be  east.  Eyery  ballot  cast  npon  the 
Yotometer  is  legal  and  effective. 

5.  While  the  yotometer  effectually  preTents  the  casting  of  aa 
illegal  or  defective  ballot,  yet  it  gives  the  voter  every  oppor- 
tunity to  correct  his  mistakes.  Indicators  show  him  which 
registers  have  been  actuated  by  him  and  the  mechanism  permitB 
him  to  cancel  his  own  vote  but  stops  him  from  cancelling  any 
vote  not  cast  by  him. 

6.  The  operation  of  the  mechanism  is  sur^.  The  psxts  are  in 
positive  mechanical  connection  with  each  other  so  that  the 
turning  of  the  key  by  the  voter  is  absolutely  certain  to  register 
his  vote.  To  vote  requires  only  one  operation,  simple  and 
familiar.  There  is  no  chance  of  failure  due  to  lack  of  coopera- 
tion of  successive  movements  of  the  mechanism.  No  fine  adjust- 
ments are  necessary.  The  voter  cannot  withdraw  the  key  nntQ 
he  has  completed  the  half-turn  necessary  to  register  his  vote. 

7.  The  sectional  construction  of  the  votometer  gives  an  elas- 
ticity of  arrangement  which  permits  the  votometer  to  be  adapted 
to  the  requirements  of  any  election  and  of  the  laws  of  any  stata. 

8.  The  "  independent "  voter,  the  "  irregular  *'  or  "  split  ticket" 
voter,  the  "party"  or  " straight  ticket "  voter,  and  the  woman 
voter  are  specially  provided  for  and  are  permitted  to  ezerdae 
freely  the  privileges  given  them  by  law,  while  restricted  to  those 
privileges. 

9.  The  mechanical  registration  of  the  votes  insures  aocaracjy 
avoids  the  necessity  of  recounts,  and  relieves  election  offioen 
and  the  courts  of  the  necessity  of  passing  upon  close  and  per- 
plexing questions  of  the  legality  of  ballot  markings. 

10.  The  votometer  reduces  the  expense  attending  electionfli 
promotes  convenience  and  rapidity  of  voting,  and  gives  no  op- 
portunity for  dishonest  practices  on  the  part  of  voters  or  election 
officers. 
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'   THE    JcSTICEa    OF   THE    Sl'PBEMK   JnilCIAI.    CoUBT. 


The  following  communications  were  received  from  tbe  Justices 
of  the  Sapreme  Judicial  Court : 


ntatives  of  ihe  Oomnion- 


To  the  Honorable  the  ffonse  of  Hepra 
wealth  of  3fa-8sach  usetU  : 

In,  n  f  the  Tho  UDtiersigned  Justices  of  the  Supreme  Judicial 
sSpreM"'""*  Court  having  considered  the  question  proposed  by 
— ^of  vouti  ^^  Honorable  Jlonse  of  Representatives,  by  its  order 
m«hi'n«llt*  "f  March  29,  1901,  a  copy  of  which  is  annexed', 
eiecuom.  respectfully  submit  tbe  following  opinion: 

The  ground  for  doubt  as  to  the  power  of  the  General  Court 
under  the  Constitution  of  the  Commonwealth  is  to  be  found  in 
the  requirement  that  representatives  "  shall  be  chosen  by  writ- 
ten vote,"  Part  2,  c.  1,  §  3,  art,  3,  and  in  the  implication  of  the 
provisions  for  sorting  and  counting  the  votes  for  governor,  c.  2, 
§  1,  art.  3,  and  for  senator,  c.  1,  g  2,  art.  2.  To  these  may  be 
added  the  re(]uirement  that  certain  militia  officers  shall  be  elected 
by  written  vote,  c.  2,  §  1,  art.  10,  and  articles  16  and  IT  of  the 
Amen<lmeiits,  one  or  both  of  which  might  be  held  to  adopt  the 
method  of  voting  for  governor  for  the  election  of  certain  other 
officers.  "Whether  the  first  mentioned  re(|uirement,  as  to  repre- 
sentation, has  been  re[)ealed  by  art,  21  of  the  Amendments, 
giving  tlic  I..egislature  j^iower  to  prescribe  the  "  manner  of  ascer- 
taining "  the  election  of  representatives,  it  is  unnecessary  to  con- 
sider, altlioujrh  it  may  be  well  to  bear  that  Amendment  in  mind 
in  weijiliiTi'i-  tin-  arguments  which  we  shall  adduce.  Apart  from 
these  provisidiiM.  no  doubt,  the  general  power  of  the  Legislature 
would  I'xtend  to  autliorizing  the  use  of  a  voting  machine.  See 
for  exaTiiple  Aniemhnents,  art.  19. 

AVith  rcgurtl  to  votes  for  Representatives  in  Congress  it  is  pro- 
vided by  c.  VA  uf  the  Statutes  of  the  United  States  for  1899, 
that  tliey  may  be  by  "  voting  machine  the  use  of  which  has  been 
duly  authorized  by  the  State  law,"  so  that  the  elections  of 
national  {iHiocrs  require  no  separate  consideration. 
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Wo  assume  that  tho  voting  machines  which  the  Honorable 
House  }uus  in  mind  vary  in  their  mode  of  recording  votes,  that 
all  of  them  <lispense  with  the  use  of  a  separate  piece  of  paper  for 
eiich  vote,  that  some  of  them  register  a  large  number  of  sncces- 
sive  votes  by  successive  punches  upon  one  strip  of  paper,  in  Bsptt 
rate  lines  for  separate  candidates,  with  the  names,  if  neoeasaiy, 
against  the  lines,  and  that  some  of  them  abandon  the  use  of  paper 
altogether  in  recording,  each  vote  being  marked  bj  the  partial 
revolution  of  a  cog-wheel  or  other  similar  device,  and  the  total 
number  being  shown  by  some  easily  adapted  index.  If  neces- 
sary, however,  in  this  class  of  machines  the  names  of  the  candi- 
dates may  ap])ear  in  writing  attached  to  the  point  where  the 
voter  registers  his  vote,  in  such  manner  as  to  indicate  that  his 
turning  a  )Kirticular  key  or  pressing  a  particular  knob  exproMOS 
a  vote  for  the  name  written  above. 

The  (juestion  whether  such  a  machine  satisfies  whatever  re- 
quirements or  implications  there  may  be  in  the  Constitution  of 
the  Commonwealth,  depends  upon  how  far  we  are  to  follow  the 
line  of  arc^ument  started  bv  Chief  Justice  Parker  in  jBenshaw  v. 
Foxier,  9  Pickering,  312.  In  that  case  it  was  pointed  out,  with 
regard  to  this  very  matter,  that,  as  the  Chief  Jostioe  pats  it, 
^^  words  competent  to  the  then  e^cisting  state  of  the  commonity, 
and  at  the  same  time  capable  of  being  expanded  to  embrace 
more  extensive  relations,  should  not  be  restrained  to  their  mora 
obvious  and  immediate  sense,  if,  consistently  with  the  general 
object  of  the  authors  and  the  true  principles  of  the  compact, 
thev  can  be  extended  to  other  relations  and  circumBtances  which 
an  improved  state  of  society  may  produce."    (Page  3170 

To  state  in  our  own  way  the  moile  of  approaching  the  qnes- 
tion,  it  is  not  so  important  to  consider  what  piotore  the  framers 
of  the  Constitution  had  in  their  minds,  as  what  benefits  they 
sought  to  secure,  or  evils  to  prevent — what  they  were  thinking 
against  in  their  athnnative  requirement  of  writing,  and  what 
they  would  have  prohibited  if  they  had  put  the  daase  in  a  nega- 
tive form.  The  answer,  or  a  part  of  it,  is  given  by  Chief  Jutice 
Parker  in  the  case  already  cite<l:  ^^  The  practioe  had  been  to 
elect  many  town  oiticers  by  hand  vote,  and  probaUy  in  some 
instances  representiitives  had  been  so  chosen.  It  became  neces- 
sary, tlierefore,  to  prescribe  that  the  choice  shoold  be  made  bj 
ballot:  but  even  the  word  ballot  itself  is  ambignoos,  and  there- 
fore it  was  recjuired  that  representatives  shall  be  deoAed  ly 
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/entjo^ca."  No  doubt  the  picture  in  the  rainds  of  those  who  uaed 
the  words  was  that  of  a  piece  of  paper  with  the  names  of  the 
candidates  voted  for  written  upon  it  in  manuscript,  but  the 
thing  which  they  meant  to  stop  was  oral  or  band  voting,  and 
the  benefits  which  they  meant  to  secure  were  the  greater  cer- 
tainty and  permanence  of  a  material  record  of  each  voter's  act 
and  the  relative  privacy  incident  to  doing  that  act  in  silence. 
They  did  not  require  the  signature  of  the  voter,  or  any  means  of 
identifying  his  vote  as  his  after  it  had  been  cast.  It  was  settled 
by  ITennhaw  v.  J^oster  that  they  did  not  require  manuscript.  In 
onr  opinion  tliey  did  not  require  a  separate  piece  of  paper  for 
each  voter.  That  is  to  say,  by  requiring  writing  they  did  not 
prevent  the  Legislature  from  authorizing  several  voters  to  use 
a  single  ballot  if  the  voters  all  signed  it,  or  in  some  way  siiffi- 
cientiy  indicated  that  a  single  paper  expressed  the  act  and  choice 
of  each.  It  seoras  to  us  that  the  object  and  even  the  words  of 
the  Constitution  in  requiring  "  written  votes  "  are  satisfied  when 
the  voter  makes  a  change  in  a  material  object,  for  instance,  by 
causing  a  wheel  to  revolve  a  fixed  distance,  if  the  material  object 
changed  is  so  connected  with  or  related  to  a  written  or  printed 
name  purporting  to  be  the  name  of  a  candidate  for  office,  that, 
by  the  understanding  of  all,  the  making  of  the  change  expresses 
a  vote  for  the  candidate  whose  name  is  thus  connected  with  the 
device. 

So  far  we  have  been  considering  the  requirement  of  written 
votes  alone,  and  have  assumed  that  all  other  constitutional  con- 
ditions are  complied  with.  But  it  remains  to  consider  whether 
the  result  is  changed  by  the  provisions  as  to  sorting  and  count- 
ing votes  where  these  provisions  apply.  These  seem  to  us  to 
raise  less  difficulty.  The  provisions  do  not  exjiress  a  constitu- 
tional end:  they  express  merely  assumptions  that  sorting  and 
counting  will  be  necessary  if  you  have  written  votes,  as  they 
would  have  been  necessary  a  hundred  years  ago.  It  would  not 
be  true  to  say  that  the  f  ramers  of  the  Constitution  chose  the  risk 
of  errors  incident  to  sorting  and  counting  in  preference  to  the 
risk  of  errors  of  a  different  class  incident  to  some  different  way 
of  finding  out  the  result.  They  never  thought  of  any  other 
way.  Probably  the  only  distinctions  which  occurred  to  them 
concerned  different  modes  of  sorting  and  counting. 

It  is  tlieoretically  possible  to  exclude  by  a  mechanical  device 
every  chance  of  error  in  the  sorting  and  counting  of  votes. 
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Whether  that  is  accomplished  by  existing  machines  is  a  matter 
about  which  we  have  no  adequate  information,  and  is  a  qaeBtion 
of  fact  which  it  wouhl  not  fall  within  our  province  to  determine. 
AVe  assume  that  the  legislature  before  authorizing'  the  ose  of  a 
machine  would  satisfy  itself  that  the  voter  would  be  sufficiently 
ap])rised  of  what  to  do  in  order  to  vote  for  his  candidate,  that 
the  machine  really  would  carry  out  and  express  the  intent  whieh 
it  purported  to  be  ready  to  express,  that  it  was  of  such  mechani- 
cal |)erfection  as  to  exclude  the  |X)ssibility  of  internal  error,  and 
that  sufficient  arrangements  were  made  to  prevent  external 
fraud,  lender  such  circumstances  the  sorting  and  counting  of 
the  votes  shrink  by  atrophy  to  a  mere  survival,  but  there  is 
nothing  contrary  to  the  Constitution  in  that.  If  it  be  deemed 
technically  necessiiry  that  the  possibility  at  least  of  sorting  and 
counting  should  remain,  it  does  remain.  Whether  in  the  form 
of  successive  punches  in  a  line  upon  paper,  or  in  the  marked 
revolutions  of  a  wheel  a])propriated  to  a  given  candidate,  mate- 
rial changes  abide  which  signify  by  predetermined  language  the 
number  of  votes  cast,  exiictly  to  the  same  extent  that  it  wonld 
be  signifiiKl  by  slips  of  pa|)er  bearing  characters  in  printer's  ink. 
The  votes  could  be  counte<l  as  cast,  if  it  were  necessary.  They 
can  be  counted  afterwards  as  well.  The  fact  that  the  index  <^ 
machinery  has  cut  down  the  chance  of  |)ersonal  error  to  a  mini- 
mum surely  is  not  an  objection  sanctioned  by  the  Constitution. 

The  views  which  we  express  coincide  with  the  opinion  of  a 
majority  of  the  Judges  of  the  Supreme  Court  of  Rhode  Island 
in  regard  to  the  McTammany  machine  (19  R.  L  729),  and  with 
some  other  discussion  of  the  subject  which  we  have  seen. 

It  is  proper  to  add  that  we  have  considered  only  the  answw 
to  the  general  question.  What  provisions  should  be  made  in  the 
excei)ti<)nal  case  of  challenge<l  votes,  etc.,  is  a  question  of  detail^ 
easily  deak  with  by  special  arningements. 

Oliver  Wendkll  Holmes. 

Maimjus  p.  Knowlton. 

John  Lathrop. 

I  agr(>e  witli  this  conclusion,  provided  the  result  of  theaotion 
of  the  machine  in  iv»ri-^t(M'ing  each  vote  cast  is  visible  to  the  voter 
castiii^i'  the  \(jU\  and  tlie  work  uf  the  machine,  in  adding  up  the 
votes  cast,  is  done  under  tlie  su])ervision  of  some  person  duly 

('liarg<'d  with  counting  the  votes  cast. 
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I  agree  that  machinery  can  be  i^e*!  by  the  voter  in  maJdn^. 
a  written  vote  within  the  meaning  of  the  Constitution,  and  also 
that  there  is  nothing  in  the  Conatitution  which  forbids  machinery 
being  used  in  counting  the  votes  cast. 

The  first  difficulty,  in  holding  that  the  provisions  of  the  Constl- 
tation  are  complied  with  by  any  one  of  the  several  voting  machines 
which  are  now  in  use  (so  far  as  T  know),  comes  from  the  fact 
that  in  none  of  them  can  the  voter  see  what  his  written  vote  is. 
In  the  method  of  voting  prescribe<l  by  the  Constitution,  the  voter 
knows  what  tlie  written  vote  cast  by  him  is.  It  is  manifest  that 
the  use  of  a  voting  machine,  which  records  a  written  vote  with- 
out disclosing  to  the  voter  what  that  vote  is,  involves  chances  of 
error  quite  different  from  those  involve<l  in  the  method  of  voting 
contemplati;d  by  the  Constitution.  There  are  similar  difficulties 
arising  from  the  fact  that  the  addition  of  the  several  votes  cast 
made  by  many  of  the  voting  machines  ia  also  invisible,  and  that 
the  correctness  of  the  result  produced  by  the  machine  depends 
entirely  upon  the  machine's  having  made  the  addition  correctly 
in  the  first  instance,  without  the  possibility  of  knowing  whether 
that  addition  was  or  was  not  correctly  made,  and  without  the 
possibility  of  cori-ecting  it,  if  it  was  not  correctly  made.  And 
agiiin,  the  only  guard  against  a  voter's  casting  more  than  one 
vote  lies  in  the  fact  that  the  mechanical  device  put  into  the 
machine  to  prevent  double  voting  has  worked  correctly,  and  in 
that  fact  alone,  without  there  being  any  means  of  knowing 
wliether  it  did  or  did  not  work  correctly,  and  without  the  possi- 
bility of  correcting  such  a  fraud  if  one  were  committed. 

It  is  manifest  that  in  the  matter  of  the  record  made  by  the 
miichine  being  in  each  instance  what  the  voter  intended  his  vote 
should  be,  in  the  matter  of  the  several  votes  cast  being  correctly 
added  together  by  tlio  machine,  and  in  the  matter  of  double 
voting,  the  chances  of  error  involved,  where  the  result  of  an 
election  is  made  to  dei)end  solely  upon  the  result  produced  by 
the  voting  machine,  are  quite  different  from  those  incident  to  the 
methoii  of  voting  contemplated  by  the  Constitution,  at  least  so 
far  as  the  votiiif.''  machines  now  in  use  are  concernwl.  And,  in 
iMv  oiiiiiioii,  till'  chances  of  error  to  which  I  have  referred  are 
so  far  ililTerent  as  to  forbid  votes  cast  and  counted  only  by  such 
a  uKUihinc  bcitij;;  licld  to  Iw  a  compliance  witli  the  provisions  of 
the  Constiiiition  in  that  connection. 

It  is  eviilcnt  that  the  use  of  voting  machines  which  I  have 
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suggested  would  destroy  to  a  great  extent  the  secrecy  of  the 
ballot ;  but  I  find  nothing  in  the  Constitution  requiring  that  the 
written  vote  there  ]>rovided  for  should  be  a  secret  one. 

It  has  lieen  suggested  that  a  machine  could  be  devised,  which 
would  indicate  that  a  vote  had  been  cast  for  some  person  for 
a  designated  office,  without  disclosing  the  person  voted  for;  and 
that  by  the  use  of  such  a  machine  the  secrecy  of  the  ballot  could 
be  maintaine<l  and  the  requirements  of  the  Constitution  met 
In  my  opinion,  the  use  of  such  a  machine  would  not  meet  the 
recjuirements  of  the  Constitution. 

William  Caleb  Loimro. 

To  thi'  Ilonorahh  the  IFouse  of  liejyf^'tteiitutives  of  ih^  ComtMrnr 

'ircalfh  of  Jf(ti<xar/i  useiis  : 

The  undersigned  Justices  of  the  Supreme  Judicial  Court  re- 
spectfully submit  the  following,  as  their  opinion  upon  the  ques- 
tion of  law  stated  in  your  order  of  March  29,  1901,  which  ques- 
tion is: 

^'Ihis  the  (ienenil  Court  the  right  to  authorize  the  use  of 
voting  and  counting  machines  at  elections  by  the  people  (rf 
national,  state,  district,  county,  city,  or  town  officers?  " 

Ftr^t,  As  to  countv,  citv,  and  town  officers,  and  as  to  offioen 
chosen  by  districts,  otiier  than  councillors,  senators,  and  repre- 
sentatives, we  know  of  no  constitutional  restriction  upon  the 
power  of  tlie  (Jen(»r.il  Court  to  dii'ect  the  manner  of  choice.' 

Srcont/.  As  to  councillors,  senators,  and  representatives,  and 
as  to  the  governor,  lieutenant-governor,  secretary,  treasurer 
and  receiver-general,  auditor,  and  attorney-general,  there  are 
(M)Tistitutional  ])rovisions  which  must  be  considered  in  answering 
your  <j nest  ion. 

The  provisions  to  which  we  i-efer  tire  these: 

Dechiration  of  Kights,  art.  \K  ''All  elections  ought  to  be 
fnH\  ..." 

Tart  St^-ond,  c.  1,  ?j  1,  art.  4.  **  And  further  full  power  and 
authoi'ity  are  hereby  given  and  gninted  to  the  said  OenenJ 
Court  from  time  to  time  to  make,  oi*dain,  and  establish  all  man- 
ner of  wliolesome  and  reasonabh>  oiilers,  laws,  statutes,  and 
ordinances,  dire<*tions  and  instructions,  either  with  penalties  or 
without:  so  as  the  same  be  not  re]nignant  or  contrary  to  tliii 
(^)nstitution,  as  they  shall  judge  to  be  for  the  good  and  wsUlMm 
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of  this  Commonwealth,  and  for  the  government  and  ordering 
thereof,  and  of  the  subjects  of  the  same,  and  for  the  neoessary 
support  and  defence  of  the  government  thereof;  and  to  name 
and  settle  annually,  or  provide  by  fixed  laws  for  the  naming  and 
settling,  all  ciril  officers  within  the  said  Commonwealth,  the 
election  and  constitution  of  whom  are  not  hereafter  in  thia  form 
of  government  otherwise  provided  for,  ,   ,  ." 

Part  Second,  c.  1,  §  2,  art.  3.  "The  Senate  shall  be  the  first 
branch  of  the  Legislature;  and  the  senators  shall  be  chosen  in 
the  following  manner,  viz.  .  .  .  The  selectmen  of  the  several 
towns  .  .  .  shall  receive  the  votes  of  all  the  inhabitants  of  such 
towns,  .  .  .  and  shall  sort  and  count  them  in  open  town  meet- 
ing, and  in  presence  of  the  town  clerk,  who  shall  make  a  fair 
record,  in  presence  of  the  selectmen,  and  in  open  town  meeting, 
of  the  name  of  every  person  voted  for,  and  of  the  number  of 
votes  against  his  mime;  and  a  fair  copy  of  this  record  shall  be 
attested  by  the  selectmen  and  the  town  clerk,  and  shall  be  sealed 
up,  directed  to  the  Secretary  of  the  Commonwealth,  for  the  time 
being,  with  a  sujierscription  expressing  the  purport  of  the  con- 
tents thereof,  and  delivered  by  the  town  clerk  of  such  towns,  to 
the  sheriff  of  the  county  in  which  such  town  lies.   .  .  ," 

Chapter  1,  §  3,  art.  3.  "  Every  member  of  the  House  of  Hep- 
resentatives  shall  be  chosen  by  written  votes." 

Chapter  2,  ^  1,  art.  3,  "  Those  persons  .  .  .  qualified  .  .  . 
within  the  several  towns  of  this  Commonwealth,  shall,  at  a  meet- 
ing to  be  called  for  that  jmrpose  .  .  .  annually,  give  in  their 
votes  for  a  governor,  to  the  selectmen,  who  shall  preside  at  such 
meetings;  and  the  town  clerk,  in  the  presence  and  with  the 
assistance  of  tlie  selectmen,  shall,  in  open  town  meeting,  .sort 
and  count  the  votes,  and  fonn  a  list  of  the  persons  voted  for, 
with  the  nnmlter  of  votes  for  each  person  against  his  name;  and 
shu.ll  ni;d;i'  a  fair  record  of  the  same  in  the  town  books,  and  a 
pulili.'  il.H-kiration  tliereof  in  the  said  meeting;  and  shall,  in  the 
presnuc  nf  the  inhabitants,  seal  up  copies  of  the  said  list, 
attested  by  him  and  the  selectmen,  and  transmit  the  same  to  the 
sheriff  of  the  county  .  .  ." 

Chapter  i!,  ^  1,  art.  10.  "The  captains  and  subalterns  of  the 
militia  shall  be  elected  by  the  written  votes  of  the  train-band 
and  niarin  list  of  their  respective  companies;  the  field  officers  of 
regiments  sliall  be  elected  by  the  written  votes  of  the  captains 
and  subalterns  of  their  re8(>ective  regiments;  the  brigadiers  shall 
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be  elected  in  like  manner,  by  the  field  officers  of  their  rospeo- 
tive  brigades.  .  .  /' 

Chapter  2,  §  2,  art.  1.  ^^  There  shall  be  annually  elected  a 
lieutenant-governor  ...  in  the  same  manner  with  the  gov- 
ernor .  .  ."' 

Amendments.  Art.  IB.  '^  Eight  councillors  shall  be  annnallv 
chosen  bv  the  inhabitants  of  this  Commonwealth,  qualified  to 
vote  for  governor.  The  election  of  councillors  shall  be  deter^ 
mine<l  by  the  same  rule  that  is  recjuired  in  the  election  of  gov- 
ernor. .  .  .  The  dav  and  manner  of  the  election,  the  return  of 
the  votes  and  tlie  declanition  of  the  said  elections,  shall  be  the 
same  as  are  require<l  in  the  election  of  governor.  ..." 

Art.  17.  *^The  secretary,  treasurer,  and  receiver-general, 
auditor,  and  attorney -general,  shall  be  chosen  annuallj.  .  .  . 
Tlie  qualification  of  the  voters,  the  manner  of  the  election,  the 
return  of  the  votes,  and  the  declaration  of  the  election,  shall  be 
such  as  are  re(|uired  in  the  election  of  governor.  ..." 

Art.  21.  ^' .  .  .  The  manner  of  csdling  and  conducting  the 
meetings  for  the  choice  of  representatives,  and  of  ascertaining 
their  election,  shall  be  ])rescribed  by  law.  ..." 

Art.  2±     *•.  .  .  Each  district  shall  elect  one  senator.  .  .  ." 

Art.  24:.  '*  Anv  vacancv  in  the  Senate  shall  be  filled  by  elec- 
tion  by  the  |)eople  of  the  unrepresented  district,  upon  the  order 
of  a  majority  of  the  senators  ehTtcil." 

In  our  opinion  the  requirements  as  to  the  choice  of  senators 
found  in  Part  Second,  c.  1,  S  -^  i^rt.  3,  of  the  Constitution  were 
not  abrogated  by  articles  22  an<l  24:  of  the  Amendments,  nor  was 
tlie  provision  of  Part  Second,  c*.  1,  s$  3,  art.  3,  that  "  Every  mem- 
ber of  tlie  House  of  Kej^resontatives  shall  be  chosen  by  written 
votos,"  abrogatcnl  by  article  21  of  the  Amendments. 

Tlio  provision  that  n^prosentatives  shall  be  chosen  by  written 
votes  was  before  this  court  in  the  vear  1830  in  the  case  of  Sen- 
/</*(( ir  V.  Foiih/\  t>  Pickei'ing,  :>12,  in  which  decision  it  was  hdd 
that  printe<l  votes  are  written  vot<\s  within  the  meaning  of  the 
])!'ovisi<.)n. 

The  same  decision  slates  the  jreneral  considerations  whidi 
sliould  have  wei^rht  in  ci>nstj'uin<r  the  pmvision,  and  with  that 
statonuMit  we  airi'cc:  •*  In  const ruintr  so  important  an  instm- 
nient  as  a  T'onstitntioii.  cs]H^cially  those  parts  which  affect  the 
vital  ]>rinciple  of  a  vepulJican  trovernment,  the  elective  franchise, 
oi'  the  manner  of  extnvising  it,  we  are  not,  on  the  one  hand, 
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to  indulge  ingenious  speculations,  which  may  lead  ua  wide  from 
the  true  sense  and  spirit  of  the  instrument;  nor,  on  the  other,  to  ' 
apply  to  it  such  narrow  and  constrained  views  as  may  exclude  i 
the  real  object  and  intent  of  those  who  framed  it.  We  are  to 
suppose  that  the  authors  of  such  an  instrument  had  a  thorough 
knowledge  of  the  force  and  extent  of  the  words  they  employ, 
that  they  had  a  beneficial  end  and  purpose  in  view,  and  that 
more  especially  in  any  apparent  restriction  upon  the  mode  of 
exercising  the  riglit  of  suffrage,  there  was  some  existing  or 
anticipated  evil  which  it  was  their  purpose  to  avoid. 

"If  an  enlarged  sense  of  any  particular  form  of  expression 
should  be  necessary  to  accomplish  so  great  an  object  as  the  con- 
venient exercise  of  the  fundamental  privilege  or  right,  that  of 
election,  such  sense  nmst  be  attributed.  We  are  to  supjxjse  that 
those  who  were  delegated  to  the  great  business  of  distributing 
the  powers  which  emanated  from  the  sovereignty  of  the  people, 
and  to  the  establishment  of  rules  for  the  perpetual  secui-ity  of 
the  rights  of  person  and  jtroperty,  had  the  wisdom  to  adapt  their 
language  to  future  as  well  as  existing  emergencies;  so  that  woi'da 
competent  to  the  then  existing  state  of  the  community,  and  at 
the  same  time  cai)able  of  being  expanded  to  embrace  more  exten- 
sive relations,  should  not  be  restrainetl  to  their  more  obvious  and 
immediate  sense,  if,  consistentlj'  with  the  general  object  of  the 
authors  and  the  true  principle  of  the  compact,  they  can  be  ex- 
tended to  other  relations  and  circumstances  which  an  improved 
state  of  society  may  produce." 

The  decision  from  which  we  have  quoted  applied  these  prin- 
ciples; and  because  printing  was,  in  law,  writing  from  a  time 
before  that  when  the  C^onstitution  was  made,  and  because  the 
use  of  printed  votes  was  equally  well  calculated  to  avoid  the 
evils  which  the  framers  of  that  instrument  thought  would  attend 
elections  if  conducted  by  nomination  and  hand  vote,  or  vica  voce, 
the  court  held  that  printed  votes  were  constitutional,  although-  i 
the  uniform  practice  had  been,  for  some  fifty  years,  to  use  mana- 
scri|>t  votes  only. 

The  same  decision  says  further:  "  This  requisition  of  written  J 
votes  in  the  (Constitution  is  confined  to  tlie  choice  of  repreaenta^  "^ 
tives.     The  important  election  of  governor,  senators,  and  coun- 
cillors, is  left  unprnvideil  for  in  this  respect,  except  by  implicar 
tion,  and  that  iui]ilication  does  not  exclude  printed  votes.     The 
votes  of  all  tlie  dilfei-ent  communities  were  to  be  sorted  and 
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counted,  and  a  certificate  of  the  result  transmitted  to  a  oommon 
focus,  the  secretary's  office,  where  they  were  to  be  examined 
and  compared.  This  process  necessarily  requires  tickets  or  bal- 
lots, so  that  there  was  no  occasion  to  require  expressly  that  the 
votes  should  be  in  writing  or  in  print.  There  can  be  no  ground 
to  exehule  printed  votes  for  these  State  officers,  for  all  that  is 
recjuired  is  that  they  should  be  so  given  as  that  they  may  be 
sorted  and  counted." 

Bearing  in  mind  the  statement  of  the  Declaration  of  Bigfate 
that  '^  All  elections  ought  to  be  free,"  and  also  the  general  roles 
laid  down  in  the  ca^e  of  Ileiishaw  v.  Foster^  we  have  examined 
the  published  laws  under  which,  during  our  colonial  and  provin- 
cial j^riods  and  the  interval  between  the  Declaration  of  Inde- 
pendence and  the  inauguration  of  our  present  'government, 
officers  have  been  chosen  or  appointed.  Without  giving  tiie 
citiitions,  it  is  enouf^h  to  sav  that  such  an  examination  shows 
that  while  higher  officers  often  were  chosen  by  the  casting  of 
separate  paper  votes  by  the  individual  voters,  some  elections 
were  made  by  the  use  of  Indian  com  and  beans,  as  ballots,  and 
that  as  to  much  the  greater  number  of  officers  chosen  by  the 
pe()])lc  there  was  no  specific  direction  as  to  the  manner  in  which 
the  choice  of  the  individual  voter  should  be  expressed;  but  rep- 
resentatives to  the  General  Court  were  selected  by  the  voters  in 
town,  district,  or  plantation  meetings,  the  votes  being  given 
imder  statutory  directions  as  to  the  manner  of  voting  contained 
in  Prov.  St.  l5;03-4,  c.  14,  §g  2,  6,  7;  1  Prov.  Laws  (State  ed.), 
147.  Those  directions  provide  that  no  voter  shall  put  in  more 
than  one  vote  for  any  one  jxjrson,  and  that  "All  persons  shall 
])nt  in  their  votes  unfolded  to  the  selectmen  or  constables  ap- 
pniiitod  to  receive  the  same."  These  provisions  plainly  imply 
that  tho  only  lot^al  metluxl  of  voting  for  representatives  under 
the  ]>rovineitil  <rov(Tnment  was  for  each  voter  to  put  in  his  own 
separate  written  vote.  An  examination  of  the  printed  records 
of  the  town  of  Bost<m  shows  that  this  was  the  method  there  used 
up  to  178m,  and  the  only  reason  we  have  found  for  supposing 
that  re])resentatives  to  the  Oeneral  Court  of  the  Province  ever 
were  chosen  l)y  nomination  and  hand-vote,  or  woa  vooBj  is  the 
st{it(»ment  in  the  decision  in  Jrenf<haw  v.  FosteTj  at  page  819, 
that  *^])ro])ably  in  some  instances  representatives  had  been  so 
chosen." 

In  most  elections  the  votes  (riven  in  at  town  meeting  were  not 
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preserved  after  the  declaration  of  the  result  in  open  meeting. 
But  in  the  case  of  the  nomination  of  magistrates  or  assistants 
under  the  Massachusetts  Biiy  Colony  charter,  the  votes  cast  in 
the  raeetingg  were  there  sealed  up  and  then  carried  to  the  shire 
towns,  and  from  each  shire  town  to  Boston,  where  they  were 
finally  opened,  and  the  result  of  the  voting  in  the  towns  and 
plantations  ascertained.  And  in  the  case  of  county  treasurer 
and  registers  of  deeds  under  the  provincial  government,  the 
votes  given  in  by  the  individual  voters  at  the  town  meetings 
were  there  sealed  np,  and  taken  to  the  Court  of  Sessions  of  the 
county,  and  opene<I  and  sorted  in  the  presence  of  the  justices  by 
men  appointed  by  them  for  the  purpose,  and  the  result  thua 
ascertainefl  in  that  court. 

Interpreting  the  Constitution  in  the  light  of  the  circumstances 
existing  at  the  time  of  its  adoption  as  well  as  of  the  laws  and 
eustoms  which  had  theretofore  prevailed,  we  think  that  the  lan- 
guage prescribing  the  way  in  which  the  will  of  the  rotei-s  shall 
be  expressed  and  ascertained  in  the  case  of  the  election  of  gov- 
ernor and  of  the  other  State  officers,  where  similar  language  is  , 
used,  necessarily  implies  at  least  that  the  choice  of  the  voter  shall 
be  indicated  by  some  kind  of  writing  upon  a  paper  or  other  mate- 
rial thing;  that  this  material  thing,  bearing  this  written  expres- 
sion of  the  choice  of  the  voter,  shall  by  his  act  of  voting  pass 
from  his  possession  and  control  into  that  of  the  officers  charged 
with  the  duty  of  conducting  the  election,  and  that  the  voter 
shall  have  reasonable  opportunity  to  see  that  it  has  so  passed, 
that  it  shall  be  distinct  from  that  handed  in  by  any  other  voter, 
and  that  these  written  votes  so  handed  in  shaU  continue  to  be 
the  same  material  things  capable  of  being  handled,  sorted,  and 
counted,  and  that  the  whole  work  of  ascertaining  and  declaring 
the  result  shall  be  the  personal  act  of  the  election  officers,  with 
the  written  votes  before  them,  the  sorting  and  counting  as  well 
as  the  declaration  of  the  result  Ijeing  done  by  sworn  otScers. 
One  reason  for  the  requirement  of  a  written  vote  is  that  the 
voter  may  have  a  reasonable  opportunity  of  making  his  choice 
without  immediate  influence  upon  the  part  of  others;  and  the  I 
reiison  for  the  requirements  apphcable  to  the  sorting  and  count* 
ing  is  that  the  votes  may  not  fail  of  their  proper  force  by  reason 
of  mistake  or  fraud  in  the  count.  The  safeguard  erected  by  the 
Constitution  is  that  there  shall  remain  after  the  closing  of  the 
voting,  in  a  material  form,  capable  of  being  read  and  understood 
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l)v  men,  a  written  vote  cast  by  each  voter:  and  that  all  these 
individual  votes,  each  given  by  the  voter  to  the  election  offioen, 
shall  be  read,  sorted,  and  counted  in  accordance  with  the  several 
tenor  of  each,  by  men  acting  under  the  sanction  and  obligation 
of  their  respective  official  oaths. 

So  far  as  we  have  been  informed  as  to  the  nature  of  the  ma- 
cliines  mentioned  in  your  order,  none  of  them  provides  for  or 
allows  the  individual  voter  to  have  in  his  own  hands  a  paper  or 
other  material  thing  bearing  upon  itself  the  expression  of  his 
choice;  none  of  them  allows  him  to  cast  or  deposit  in  the  custody 
of  the  election  officers  a  paper  or  other  material  thing  bearing 
such  expression  as  his  individual  written  vote;  and  none  of  them, 
upon  the  casting  of  the  vote,  or  at  the  closing  of  the  polls,  places 
in  the  hands  of  the  election  officers  a  separate,  material  thing 
given  in  by  the  voter,  which  the  officers  can  handle,  sort,  and 
count.  None  of  them  is  so  built  and  worked  that  the  voter  can 
know  that,  unless  sworn  officers  err  or  are  false  to  their  oaths, 
the  clioice  which  the  Constitution  commands  him  to  express  by 
''  written  vote  "  will  be  counted,  and  counted  as  he  cast  it.  Yet 
to  give  him  that  certainty,  and  to  give  the  State  the  safeguard 
which  conies  from  his  having  that  certainty,  is  one  purpose  of 
the  constitutional  requirement  of  "written  votes,"  "sorted  and 
counted  - '  in  open  meetings,  so  that  each  vote  must  have  its  legi- 
timate weight  in  the  election,  unless  an  intelligent  and  responsi- 
ble man  fails  in  the  ])erformance  of  a  simple,  sworn  duty. 

The  turn  of  a  wheel  or  of  a  dial,  the  punching  of  a  hole  in  an 
unseen  roll  of  ])a]>or  on  which  are  the  names  of  candidates,  by 
a  A^oter  wlio  ])ulls  a  lever  or  turns  a  key,  is  not  the  use  of  a  writ- 
ion  vote  within  the  meaning  of  the  Constitution;  nor  is  the  in- 
si^ectioii  of  a  dial,  (itvon  if  preceded  or  followed  by  an  inspection 
of  all  tlu^  ooirs  and  mechanism  which  have  moved  the  hands  of 
the  dial,  or  tlie  counting  of  holes  in  such  a  paper  and  the  inspec- 
tion of  the  macliinery  which  made  the  holes,  the  sorting  and 
counting  of  votes  by  election  officers.  If  it  be  said  that  these 
are  the  best  and  most  efficient  means  to  secure  a  free  and  honest 
election,  the  answer  is  tliat  they  are  not  the  means  prescribed 
for  those  ends  bv  the  Constitution.  The  Constitution  does  not 
authorize  the  (W^ieral  Court  to  put  the  expression  of  the  voter^s 
will  to  the  cliance  of  being  nullified  or  perverted  by  slippiiig 
c<:)gs,  detective  leavers,  or  other  mechanical  devices  whidi  have 
no  living  intelligence,  no  conscience,  and  no  liability  to  ponish- 
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ment  to  insure  their  going  right.  It  requires  that  every  step  in 
the  task  of  seeing  that  votes,  whether  given  by  Indian  corn  and 
beans  or  other  ballots,  by  show  of  hands,  by  the  living  voice,  or 
by  paper  writing,  are  counted  rightly,  shall  be  intnisted  to  and 
performed,  not  by  an  inanimate  machine,  but  by  aworn  officers, 
and  in  ojjen  meeting,  where  each  step  of  the  work  can  be  verified 
and  mistakes  corrected. 

In  our  opinion  the  General  CJourt  has  not  the  right  to  author- 
ize the  use  of  the  machines  mentioned  in  your  order,  at  elections 
by  the  people  of  the  governor,  the  lieutenant-governorj  the  coun- 
cillors, senators  and  representatives,  the  secretary',  the  treasurer 
and  receiver-general,  the  auditor,  or  the  attorney -general. 

A  law  of  Congress  requires  votes  for  representatives  in  Con- 
gress to  be  by  written  or  printed  ballot,  or  voting  machine  the 
use  of  which  has  been  duly  authorized  by  State  law.  In  our 
opinion  the  General  Court  has  the  right  to  authorize  the  use  of 
machines  referred  to  in  your  order,  in  elections  for  representa- 
tives in  the  Congress  of  the  Unite<l  States. 

In  the  case  of  electors  for  President  and  Vice-President,  it 
might,  perhaps,  be  different,  although  long  usage  has  given  to 
the  manner  in  which  they  are  now  chosen  almost  the  force  of 
an  inviolable  sanction. 

Jasies  M.  NoE-rox, 
James  M,  Barker. 
John  W,  Hammond. 


Prof.  H.  JI.  Thurston. — As  a  member  of  the  New  York  State 
Commission  on  Voting  Machines,  which  has  examined  and  ac- 
cepted that  here  described,  I  am  much  interested  in  securing  the 
views  of  members  of  the  Society  regarding  the  wisdom  of  their 
use;  and,  as  a  member  of  the  Society  and  of  the  profession,  I  am 
greatly  concerned  to  secure  the  simplest  and  the  most  perfectly 
reliable  possilile  system  of  record  of  votes  by  mechanical  means. 
We  are  all  concerne<l  in  the  promotion  of  every  effort  to  insure 
the  prevention  of  fraud  at  the  polls  and  the  elimination  of  all 
immoral,  illegal,  and  treasonable  practices  in  the  use  of  a  ])oIiti- 
cal  jirivilege  which  is  the  highest  ever  enjoyed  by  man.  I  think 
this  class  of  inventions  one  of  the  most  important  of  our  time. 

A  considerable  number  of  States  already  have  laws  permitting 
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the  uso  of  the  ballot-macbiiie,  and  it  seems  now  possible  that  all 
will  soon  fall  into  line;  for  the  success  of  the  mechanical  system 
of  i*egistration  of  votes  has  thus  far  been  remarkably  encour- 
aging. In  most  of  the  States  which  have  such  permissive  laws, 
tlio  provisions  are  excellent.  Xew  York  has  a  good  law  and  one 
wliicli  |)ermits  the  assurance  of  every  inventor  that  his  device 
shall  be  given  careful  study  and  admitted  if  found  safe  for  use, 
and  that  no  selfish  interests  shall  either  secure  a  monopoly  or 
shall  bar  him  out  individually.  Should  a  monopoly  be  seciued, 
the  next  inventor  bringing  in  a  novel  but  efficient  machine  may 
break  it.  If  the  people  of  any  city  find  themselves  threatened 
with  extortion  by  a  monopoly,  they  can  go  back  to  their  eariier 
system  of  voting.  In  a  few  States,  possibly— certainly  in  Bhode 
Island  for  one,  if  we  may  accept  the  testimony  of  the  press  of 
that  Stjitc — the  law  is  the  product  of  either  ignorant  or  inter- 
ested legislation,  and  is  so  worded  that  the  best  devices  of  the 
day  are  discriminated  against  and  less  satisfactory  machines  are 
favored.  But  this,  if  it  be  a  fact,  is  an  exception  to  the  rule, 
and  it  ])robably  cannot  long  so  remain.  Massachusetts  has  an 
excellent  law,  and  several  of  the  middle  Western  States  have 
proceeiled  in  this  direction  with  admirable  discretion. 

Some  of  the  machines  earlier  employed  have  been  found  by 
experience  not  to  be  satisfactory;  but  that  is  simply  the  usual 
history  of  new  systems  of  construction  in  all  branches  of  engi- 
neering and  mechanics.  There  are  now  a  number  of  machines 
which  arc  working  successfully  and  satisfactorily  to  the  voters. 

At  a  recent  election  in  my  own  city,  where  about  3,000  votes 
are  cast  as  a  maximum,  the  figures  were  reported  from  the  polls, 
at  the  City  Hall,  in  st'venteen  minutes  after  the  dock  stmdk  five, 
the  hour  for  closing,  and  the  boys  on  the  street  were  selling 
their  ^^  extras'"  in  fifteen  minutes  or  a  half  hour  at  most.  In 
JUifTalo,  where  there  are  over  100  machines  and  a  population  of 
about  300,000,  the  record  stands  at  about  one  hour  after  dosing. 
Compare  these  figures  with  the  day  or  more  of  delay  in  reporfe- 
ing  the  results  which  sometimes  make  a  nation  wildly  impatient 
on  the  occasion  of  important  general  elections. 

The  machines  which  have  come  into  use  are,  as  ia  aeon  by  the 
exani])le  before  us,  very  simple  elements  aggregated  in  a  XfKJ 
simple  manner;  so  that,  while  the  number  of  parts  is  groat, 
tbei'c  is  very  little  liability  to  get  out  of  order,  and,  in  fact,' 
experience  shows  that  the  losses  of  ballots  and  the  dtafmioibiae- 
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ment  of  voters  by  the  machine  when  of  an  approved 
tion  is  enormously  less  than  in  the  old  system  through 
pie  errors  of  voters  failing  to  correctly  mark  their  ballots ;  while 
the  constant  danger,  under  tliat  older  system,  of  a  disputed 
count,  the  greatest  danger  of  our  elective  system,  is  here  entirely 
eliminated.  The  count  is  made  automatically  and  by  the  ma- 
chine, and  cannot  be  challenge<l  by  either  party  to  any  political 
controversy. 

A  properly  constructed  machine  permits  the  following  essen- 
tial objects  to  be  accomplishe<l  by  the  voter: 

(1)  To  vote  in  absolute  aecrecj-. 

(2)  To  vote  rapidly,  and  in  the  luOBt  coovenieot  w«j  possible. 

(3)  To  vote  a  Btrai^lit  parly  ticket,  by  operating  one  hnob  whioh  movee  all  the 
indicatore  on  that  ticket. 

(4)  To  vote  for  the  entire  ticket  by  marlng  an  indiutor  over  tlie  name  of  enob 
Ottndidate  Eeparately. 

(5)  To  vote  BB  he  may  choose  from  cnndidates  from  any  party,  or  for  persona 
not  named  on  any  ticket. 

(6)  To  vote  for  all  the  candidates  for  whom  he  is  entitled  to  vole,  at  the  same 
time  preventing  him  from  eiceeding  the  privilege  given  him  by  law. 

(7)  To  eiamine  tlie  ticket  he  has  voted  and  make  any  changes  he  dMiree, 
Btitil  be  is  BatisGed  vtith  his  choice,  before  registering  it  and  leaving  the  booth. 

As  chairman  of  the  Finance  Committee  of  the  Municipal  Coun- 
cil of  the  city  of  Ithaca,  N.  T.,  a  few  years  ago,  I  had  occasion 
to  study  this,  which  has  seemed  to  me  an  important  advance  in 
mechanics  as  well  as  in  social  and  political  life,  and  the  conclu- 
sions reached  and  reported,  in  which  our  committee  were  unani- 
mous, were  the  following: 

(1)  The  voting  machine  la  a  simple,  reliable,  durable,  and  con veniont  apparatus 
for  ils  purpose. 

(2)  The  machine  compels  the  deposit  of  a  perfect  and  aoourate  ballot,  of  th« 
fonn  chosen  by  the  voter. 

(3)  It  restricts  the  voier  absolnlely  to  the  limits  of  the  law  and  permits  him 
freedom  as  absolute  in  voting  within  that  limit. 

(4)  Blank  and  defective  bdlots,  the  usaal  fault  of  ordinary  methods  of  vot- 
ing, are  entirely  done  away  with,  and  no  man  loses  liis  vote  through  defect  of  the 
system,  or  fault  of  bis  own,  if  be  voles  at  all.     The  disfranchised  v 
unknown. 

(5)  Fraudulent  voting  is  impowible,  aa  well  as  errors  in  voting, 

(8)  The  vote  cast  is  registereJ,  vote  by  vote,  with  abeolnte  accnraoy  and  cef 
tainty. 

<T}  The  resalt  can  be  declared  immediately  apon  the  doae  of  tha  polls,  hiviiif 
been  already  completely  counted. 

(8)  The  rirst  of  the  ?ratem  is  so  much  less  Ihan  that  of  the  old  method,  that  (he 
machire«  usually  pay  for  themselves  in  from  three  to  seven  years. 
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/-.r/^.*  L'-'    ':"  •:.--»:  :..;-,o:-:r.r*  are  ir.  Tii^  :n  the  State  of  Xev 

Vof>::  l^:.:  ::  :-  ;»-r:-a:-  :.;:r':!v  r.f^v^-iksarv  to  sav  that  Xcw  ToA 

<  •  •  •  • 

i-.  v.u\  o:.':  *A  ::.«:  o::^.--  "r.  v.Lir-;,  :r>y  i.ave  lieen  adopted.  Yet 
til':  Ihrt:*'-*  j.'j:i/:jf-r  of  *.:.ri:i  :-?  *.o  ':»e  ffiund  in  Bnffalo.  the  next 
ii±r'^^t--\  f  r.y  ^.r  ':.**  >Vi*/:.  ?tr.'l  -vh^re  there  has  been,  at  timeBy 
^':r.'>.-  .^^'^^:.••  :i.':::t '..f  :>?/m1:c  an«l  ] private  political  rights.  Of 
ill';  fifr*.  ^'.'.'{K-ii.'iirrrit  t:>r  o'itco?ne.  as  reported  at  the  time  by  a 
liuffalo  j».'4i>*;r.  an  f-xtra^'t  from  '.vljich  I  find  in  mv  scrap-book, 
was  \\i('.  foi-ov.irj;:: 

'  Ifi  ?}i«'  f-I<rctior.-  </ri  'i'li'-wjfsv  2,'o  voiirjiT  machlDes  were  used  in  this  SteSBv^^ 
rrir»ij'«'J  a-,  follow-  :  Il'irTa:o.  :•■-  :  R'^^h'-Tf-r.  73:  Utica.  20 ;  Itbaem,  10 ;  AlbioB, 
'}  <  ;i.'.:-»"o,  2  ;  NV*'-«  Wir.fi»-]'i.  1.  Kxtra  luaohmes.  held  in  reserve  to  meet  M- 
'.'A*:'  ♦■  or  o"  'r  *".i.-T\:*iif'.*-.  ar**  Dot  ii.clur]«-«l  in  ihe  eDnmeraiion. 

'  \\.\ru  |ir;i;-i-  of  tri*-  ijia'hiii'rs  rom':  frf^ni  all  quaners.  Ther  hare  met  ereiy 
pro'r.'  I-  of  «'i!.vi  LJ«-n'-<-  *'•  v',?<-.'>.  -jKr'-'i  in  vorinjr.  automatic  and  instantaBeou 
f'^.M./  of  *.\i*-  t'T;}]  riuinri'-r  of  vrtt'--:  cav  f<ir  e^ir-h  candidate,  and  a  prompCncM 
ill  ;:r.'.'i  .".' :  :.'!•*•  .'c'/n-irJi*'-  r'-ii>  in  a  riry  or  village  proportioned  to  the  qaidc- 
uf  i-  ■.\1m  v.  r..'i.  Ml*-  j'Turi.-.  from  '.-a'.-h  rJij-trk-t  were  conveyed  to  a  central  pcdnt 

afi'l   i:ir,(il;i*i-'] 

In  :irl«i:?iori  'o  ^li'ir  -i><-<(|  aii'I  a'-rurary  the  machines  are  so  oonstmcled  ■■ 
t'i  rti:ii;i-  it  iMipo-  irijo  to  r-:i-t  a  r]i'f«-r;rivi*  vitf,  to  'repeat/  or  to  eommit  an/ 
fr:iii<i  or  ji  r*:'!!!;!' .ry.  On  tin-  ^ron-  of  ^nniruiit(*ciiig  to  every  citisen  the  exerdsi 
of  r),i-  vo'iri:'  \.\\\\\*'jf.  witliout  ri-K  of  di^fraiu'liisement  on  acooant  of  falnndoik 
\\if  rri:>' iiiii'--  '■<  III  :iiinolijt'-ly  ]M-rf<r(:r.  Their  siipfrioritv  to  the  oiBclal  balld  ta 
t.lii    r«-:-|><«-r  j    i-liiiri  :iri>l  strikiiixT.  and  is  dcmoiist rated  by  official  records. 

'-  All  ill  :tll.  Mii-  votinL'  niiirli]n<'  is  r)m' of  the  inventive  triumphs  of  the  agc^ 
ur.il  i!  \  ■  :i  iiii',  ill  rli<-  nrar  futiip*.  to  ili:-]>luce  the  printed  ballot  as  steam  has 
pr-iiMi:  f<*  ht'  ill  iiiitriij'/  "u^  "f  'intf  th<.'  stuL'*'  rouch  and  the  packet  hattt*** 


.IikI^jc  ('ooIi'v  liiis  said  that,  in  1  lis  opinion,  the  uae of  the  Yot- 
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ing  machine  "is  a  constitutional  right  of  the  jwople,"  since  it 
assures  the  voter  of  absolute  security  as  no  other  system  can, 
Mr.  Keiper,  of  the  Patent  Office,  says,  "It  is  the  last  and  best^j 
contribution  of  science  to  gooil  government."  In  this  verdict,  I 
by  the  adoption  of  laws  permitting  its  use,  the  States  of  New 
York,  Michigan,  Minnesota,  Ohio,  Massachusetts,  California, 
and  Rhode  Island,  and  perhaps  others,  concur.  In  those  States 
in  which  these  laws  are  proiwrly  constructed,  as  in  New  York, 
for  example,  the  cities  and  towns  are  permitted  to  experimen- 
tally employ  the  machine  selected,  and,  if  found  satisfactory, 
later  to  adopt  it  and  purchase  such  as  may  be  needed,  with  a  re- 
striction as  to  the  numl>er  of  voters  served  by  a  machine.  The 
commission  which  is  intrusted  with  the  duty  of  inspection,  and  of 
approval  of  machines  of  proper  construction  in  that  State,  must 
consist  of  three  persons,  appointed  by  the  Governor,  of  whom 
"  one  shall  be  an  expert  in  patent  law  and  two  shall  be  mechani- 
cal experts."  The  members  now  serving  are  members  of  the 
American  Society  of  Mechanical  Engineers.  This  conmiission 
reports  to  the  Secretary  of  State  on  each  machine  passed  and 
adopted  by  them  after  examination,  anbstantiall}''  as  foDo^i^s, 
th^e  being  the  statements  made  relative  to  the  machine  here 
under  discussion,  for  example: 

"  I'^rti.  'rho  midline  ib,  in  tlieir  opinion,  adapted  to  register,  under  lewKu- 
able  conditiona.  the  vote  of  six  hundred  (flOO)  voters  within  the  hours  allowed  bj 
law  for  holding  nn  election. 

"  Seeonil.  The  machine  is  capable  of  doing  this  work  uct'uraCelf  aad  effi- 
ciently, 

"  Third.  The  machine  may  be  safely  ased  for  election  purposes. 

"  Ftiiirth.  The  raachiop  is  strong  in  its  parts  and  reliable  in  ita  action.  It  per- 
mitB  the  voter  to  !«lcct  or  mechanically  indicate  the  candidatea,  indifidnsllj.  in 
groups,  or  in  accordance  ivith  the  party  tioket  before  voting,  and  thereafter  to 
change  his  selection  at  will.  The  registration  ia  accomplished  by  the  voter's 
own  action  in  turning:  a  key,  but  the  voter,  in  turning  back  the  key  for  the  pur- 
pose of  miikiug  a  correction,  returns  the  counter  by  hia  own  action  to  its  former 
position.  As  Ihe  voter  )>nsaes  out  from  the  machine,  the  it.dicators  and  alt 
crosses  (X)  are  returned  to  their  former  position,  and  are  not  visible,  and  the 
machine  is  also  loclied.  The  nucbitie  may  be  adjusted  to  limit  the  TOtiug  of 
females  or  other  classified  or  special  voters, 

'■  Fifth.  These  conclusions  are  based  on  the  meehnnicnt  construction  and  bt- 
rangemeut  of  details,  and  not  on  the  Letters  Palent  or  claims  contained  therein." 

The  older  and  jjioneer  machines  were,  naturally,  not  perfect, 
and  some  embarrassment  arose  from  their  occasional  failure;  but 
there  is  lu-il:iy  no  ditliculty  in  obtaining  safe  and  satisfactory 
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The  whole  case  may  be  summarized  in  a  Bentence  :  "  The  machines  letain  all 
the  virtu(>s  and  exclude  all  the  vices  of  the  old  methods  of  balloting."  Their 
use  would  Ih}  entirely  justified,  even  though  they  involvftd  a  more  costly  rather 
than  a  much  less  expensive  system.  Their  adoption  is  looked  upon  by  year  com- 
mittee as  promoting  good  politics,  good  morals,  and  good  finance. 

Referring  to  tliis  system,  some  time  since,  when  the  whole 
country  was  agiUitecl  by  the  outrages  i)erpetrated  by  traitorons 
politicians  in  a  number  of  States,  a  well-known  journal  remarked, 
with  justice,  as  it  seems  to  me: 

"  It  is  just  such  a  condition  as  now  exists  in  Kentucky  that  forms  the  strongiest 
argument  in  favor  of  voting  machines.  These  are  in  use  in  several  cities  In  the 
State  of  New  York,  possibly  with  the  greatest  success  in  Buffalo.  Voting  hy 
machinery  can  be  recommende<l  to  every  State  in  the  Union,  and  with  particular 
reason  to  Pennsylvania  and  Kentucky. 

About  250  of  these  machines  are  in  use  in  the  State  of  New 
York;  but  it  is  perhaps  hardly  necessary  to  say  that  New  York 
is  not  one  of  the  cities  in  which  they  have  been  adopted.  Yet 
the  largest  number  of  them  is  to  be  found  in  Buffalo,  the  next 
larg(*st  city  of  the  State,  and  where  there  has  been,  at  times, 
serious  infiingoment  of  public  and  private  ]K>litical  rights.  Of 
the  lirst  exjieriment  the  outcome,  as  reported  at  the  time  by  a 
Buffalo  paper,  an  extract  from  which  I  find  in  my  scrap-book, 
was  the  following: 

"In  the  elections  on  Tuesday  225  voting  machines  were  used  in  this  State,  dls- 
tributed  as  follows  :  Buffalo.  108  :  Rochester,  73  ;  Utica,  20  ;  Ithaca,  10  ;  Albion. 
5  ;  Canisteo,  2  ;  Went  Winfield,  1.  Extra  machines,  held  in  reserve  to  meet  ac- 
cidents or  other  emergencies,  are  not  included  in  the  enumeration. 

"  High  praises  of  the  machines  come  from  nil  quarters.  They  have  met  every 
promise  of  convenienro  to  voters,  si)ecd  in  voting,  automatic  and  instantaneoiu 
foiitings  of  the  total  numlK>r  of  votes  cabt  for  each  candidate,  and  a  promptness 
in  announcing  the  aggregate  result  in  a  city  or  village  proportioned  to  the  quick- 
ness witit  which  the  returns  from  t^ach  district  were  conveyed  to  a  central  pcrint 
and  tabuhited. 

"  In  addition  to  their  si>eed  and  accuracy  the  macliines  are  so  constracted  ■■ 
to  make  it  impossible  to  cast  a  defective  vote,  to  *  repeat,'  or  to  commit  any 
fraud  or  irregularity.  On  the  score  of  guaranteeing  to  every  citiien  the  exercise 
of  the  votiriLT  privilege,  without  risk  of  disfranchisement  on  account  of  falnndeii, 
tilt;  nnichines  seem  absolutely  perfe<'t.  Tlieir  superiority  to  the  official  ballot  hi 
this  respt-ct  is  ])lain  and  striking,  and  is  demonstrated  by  o£Bclal  records. 

''  All  in  all.  the  voting  nuichine  is  one  of  the  inventive  triumphs  of  the  agc^ 
and  it  is  as  sure,  in  the  near  future,  to  displace  the  printed  ballot  as  steam  has 
provt'ii  to  be  in  ]iutting  out  of  date  the  stage  coach  and  the  packet  boat." 

Judge  Cooloy  lias  said  that,  in  his  opinion,  the  uae  of  the  vot- 
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ing  machine  "  ia  a  constitutional  right  of  the  |>eople,"  since  it  1 
assures  the  voter  of  absolute  security  as  no  other  system  can.  I 
Mr,  Keiper,  of  the  Patent  Office,  says,  '"It  is  the  hist  and  best  1 
contribution  of  science  to  goo<l  government."  In  this  verdict, 
by  the  adoption  of  laws  jrermitting  its  use,  the  States  of  Now 
York,  Michigan,  Minnesota,  Oliio,  Massachusetts,  California, 
and  Khode  Island,  and  perhaps  others,  concur.  In  those  States 
in  which  these  laws  are  projrerly  constructed,  as  in  New  York, 
for  example,  the  cities  and  towns  are  permitted  to  experimen- 
tally employ  the  machine  selected,  and,  if  found  satisfactory, 
later  to  adopt  it  and  purchase  such  as  may  be  needed,  with  a  re- 
striction as  to  the  number  of  voters  served  by  a  machine.  The 
commission  which  is  intrusted  ■with  the  duty  of  inspection,  and  of 
approval  of  machines  of  proper  construction  in  that  State,  must 
consist  of  three  persons,  appointed  by  the  Governor,  of  whom 
"  one  shah  be  an  expert  in  patent  law  and  two  shall  be  mechani- 
cal experts."  The  members  now  serving  are  menibers  of  the 
American  Society  of  Mechanical  Engineers.  This  commission 
reports  to  the  Secretary  of  State  on  each  machine  passed  and 
adopted  by  them  after  examination,  substantially  as  followg, 
these  being  the  statements  made  relative  to  the  machine  here 
under  discussion,  for  example: 

"^>«/.  'i'lie  iDachiue  is,  in  their  opinioD,  adapted  to  register,  itnder  reoBon- 
nble  conditionB,  the  Tote  of  sis  hundred  £800)  voters  within  the  boun  allow^  bj 
law  for  holding  on  eluciion. 

"  Seeond.  The   machine   is  capable   of   doing  this  work   accurately  and  effl- 

"  Third.  The  machine  raay  be  safely  used  for  election  purposes. 

"  Fourth.  The  machine  is  strong  in  its  parts  and  raliablo  In  its  action.  It  per- 
m)ta  the  Toter  to  select  or  mechanically  indicate  the  candidates,  indivjduallj,  in 
groups,  (ir  in  uccordauce  ivith  the  party  ticket  before  voting,  and  thereafter  to 
change  hia  selection  at  will.  The  registration  is  accomplished  by  the  voter's 
own  action  in  luniiog  a  key,  but  the  voter,  in  turning-  back  the  key  for  the  jmr- 
poso  of  making  a  correction,  returns  the  counter  by  hia  own  action  lo  its  former 
position.  As  the  voter  passes  out  from  the  machine,  the  ii.dicRtors  and  all 
crosses  (X)  are  returned  to  their  former  position,  and  ore  not  visible,  and  the 
machine  is  also  locked.  The  machme  muy  he  adjusted  to  limit  the  voting  of 
females  or  other  claBsified  or  special  voters, 

'* Fifth.  ThpsP  conclusions  are  based  on  the  mechnmciil  ponatruction  and  ar- 
rangement of  details,  nnd  not  on  the  Letters  Patent  or  claims  contained  therein." 

The  older  and  jiioneer  machines  were,  naturally,  not  perfect, 
and  some  embarrassment  arose  from  their  occasional  failure;  but 
there  is  lo-diiy  no  difficulty  in  obttiining  safe  and  satisfactory 
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constructions.  The  occasional  failure  or  temporaiy  disablement 
of  a  machine,  where  it  occurs,  will  be  vastly  more  than  compen- 
sated by  their  security  and  accuracy,  their  speed  in  making 
returns,  and  their  convenience.  Under  the  Australian  system, 
in  the  city  of  Ithaca,  as  re|)orted  to  me  by  the  city  derk,  there 
were  tliirty-six  (3C)  rejectee!  ballots  for  governor  in  the  autnmn 
of  1898;  in  the  election  for  mayor,  before  introducing  the  ma- 
chines, there  were  seven  such  ballots;  in  the  spring  of  1898 
there  were  forty  (4())  such  for  recorder  and  fifty-three  (68)  for 
justice  of  the  |)e{ice;  in  none  of  the  later  elections,  osing  the 
ballot  machine,  has  there  as  yet  been  one  lost  ballot.  Were  the 
losses  even  as  great,  legitimately,  as  with  the  older  system,  the 
gain  would  be  beyond  estimation  in  the  insuring  of  honest  elec- 
tions. The  few  machines  which  have  been  thrown  out,  after 
formal  use,  were  idl  of  now  ancient  types,  and  failed,  not  in 
their  mechanism,  but  in  plan — not  providing  a  blank  colomn  for 
independent  voting;  this  column  is  now  always  present  in  the 
modern  machines,  precisely  as  in  the  ballot  of  the  Australian 
system ;  which  system,  in  fact,  the  voting  machine  dupUcates  so 
far  as  adaptiibility  and  flexibility  are  concerned,  and  in  its  allow- 
ance of  entire  independence  on  the  part  of  the  voter,  while  it 
insures  that  the  manipulator  of  ballot-boxes  shall  be  shut  out 
and  tampering  witli  the  franchise  by  criminals  made  impossible 
at  the  ix)lls. 

The  feeling  of  the  voter  familiar  with  the  machine  is  well  ex- 
pressed by  the  remark  of  a  ^^  Yankee,"  quoted  in  a  Massachu- 
setts newspaper,  after  he  has  deposited  his  vote  in  this  manner 
in  that  State: 

"  I  have  voted  by  every  method  in  use  for  more  than  twentj-flTe  yeus,  and  at 
first  was  strongly  opposed  to  the  new  machine  ;  but  it  now  BoeniB  to  me  simpler 
than,  and  superior  to.  any  other  method  of  voting  that  I  have  known." 

This,  however,  is  the  most  insignificant  of  its  advantages. 

I  have  long  been  intending  to  ^vrite  a  paper,  to  be  proBonted 
to  the  American  Society  of  Mechanical  Engineers,  oa  this  sab- 
jcct;  for  it  is,  in  my  opinion,  one  of  the  most  important  of  eadst- 
ing  aids  to  the  establishment  of  a  free  and  nniversal  sofftage 
— whicli  much-boasted  and  precious  possession  we  have  aotnally 
never  yet  secured  to  the  citizen  of  these  United  States  of  Nortfa 
America — that  lias  yet  been  discovered,  and  it  is  the  duty,  as 
well  as  the  special  province,  of  the  members  of  this  Booie^  to 
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promote  this  improvement,  as  a  matter  of  professiomU  duty  and 
])ride  no  less  than  from  patriotic  motives.  Our  members  can  do 
a  great  and  a  good  work  in  this  direction.  There  are  novr  a 
number  of  good  machines,  and  there  will  lie  more  presently,  and 
there  will  exist  no  excuse  for  their  not  being  adopted.  Even  as 
a  matter  of  finance,  we  find  that  they  are  good  investments,  and 
often  pay  several  times  legal  interest  in  their  saving  over  the 
costs  of  the  Australian  system,  now  standard  the  world  over. 
They  do,  in  fact,  constitute  an  im])roved  Australian  system, 
adding  to  the  older  form  later  and  better  devices,  and  supple- 
menting primary  virtues  by  other  and  hardly  less  important 
supplementary  advantages.  The  system  is  thus  an  improved 
Australian  system,  which  owes  its  e-xistence  to  the  genius  and 
sicill  of  the  American  inventor,  mechanician,  and  engineer, 

Mr.  T.  W.  Ilv-go. — I  have  been  inclined  to  doubt  very  much  the 
accuracy  of  some  of  the  statements  made  in  the  pa[)er  concern- 
ing the  machine  when  in  practical  operation,  not  because  I  had 
any  definite  reason  for  so  doing,  but  because  I  could  not  under- 
stand that  the  human-nature  factor  could  be  so  far  eliminated  as 
to  bring  out  the  ideal  conditions  mentioned  in  the  paper.  Our 
population  * — I  shall  have  to  speak  locally  as  far  as  our  conditions 
are  concerned,  and  generally  as  far  as  the  pajier  is  concerned— 
is  largely  foreign  born;  they  are  good  jieople,  desiring  to  vote 
correctly,  and  in  every  way  to  confonn  to  the  spirit  and  laws  of 
their  adopted  country  as  true  naturalized  American  citizens,  but 
they  find  considerable  difficulty  in  marking  their  ballot  as  they 
want  to.  The  best  way  found  is  to  give  them  an  exact  fac- 
simile, as  to  size  and  everytJiing;  this  they  could  take  borne  and 
study,  and  then,  having  that  jticture  before  thera,  they  could 
vote  as  they  wished  to.  Now,  I  am  satisfied  that  that  advance 
instruction  could  hardly  be  given  with  this  machine.  I  wish 
the  machine  itself  could  have  been  brought  here  and  exhibited. 
I  vvould  like  to  ask  the  authors  to  comment  on  the  probable 
size  of  the  voting  booth ;  the  problem  of  storage  between  elec- 
tions; the  necessity  of  testing  the  machine  before  election  for 
accuracy  of  record.  I  hope  the  questions  which  have  been  put 
forward  will  he  fully  answered,  because  I  can  see  that  in  the 
establishment  of  this  system  a  great  deal  will  depend  u[x>n  hav- 
ing all  those  Utile  points  fully  explained. 
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Mr.  <r'M  C.  ILiutiUiij. — I  think  it  is  a  fact  that  wherever  these 
muchiiios  have  )ie<?n  us<.'«l  they  have  given  annsual  satis£action. 
()no,  of  the  main  a«lvantages  is  that  the  time  required  for  voting 
witli  this  machine  is  verv  much  less  than  under  the  old  method, 
ami  the  vntes  an-  never  sixiile^l.     The  Ijallots  are  aliravs  on 
han<l,  and  sometimes,  with  the  old  svstem,  thev  are  not.     In 
New  York  Titv  manv  bo^iths  are  stored  in  vacant  lots  after  eiec- 
tion.  and  hv  the  time  the  next  comes  around  thev  have  been 
burned  up  or  something  else  happens  to  them,  and  new  ones 
}jave  to  be  piirchase^l  and  erected.     So  the  voting  booth  is  not 
always  a  matter  of  trifling  expense.     These  machines  must,  of 
course',  hit  store^l  in  a  ])roi)er  place  and  kept  in  good  condition, 
and  they  will  tljen  Ix?  goo<l  for  service  for  a  long  time.    It  is  not 
lik«*Iy  a  city  would  allow  expensive  machines  of  this  kind  to  be 
injured  or  destroye<l;  such  acts  are,  in  fact,  declared  to  be  mis- 
demeanors.    In  reganl  to  getting  the  voters  to  vote  with  the 
machines  for  candidates  selecteil,  it  is  a  very  simple  matter.     It 
is  median  ically  accurate.     Each  group  of  ofBcers  to  be  voted  for 
is  plaee<l  in  one  place  on  the  face  of  every  machine;  names  of 
mnnicij)al  officers  and  county  officers,  State  officers,  and  other 
higher  officials  are  eacli  placed  in  relatively  similar  positions. 
If  you  simply  take  a  sheet  of  paper  and  perforate  holes  big 
enough  to  let  the  key  pass  through,  then  a  man  goes  and  turns 
the  key  in  the  exposerl  ])laces  througli  the  holes  in  the  paper;  he 
will  vote  just  the  way  you  want  liim  to.     (Laughter.) 

^fr.  J.  K  Stn-tf. — Tliere  is  one  feature  which  Mr.  Henning 
did  not  ex]ilain  fully,  and  tluit  is  about  the  room  these  vot- 
ing machines  take  up  whon  they  are  packed  away.  There 
are  one  or  two  that  I  am  familiar  with  which,  when  they  are 
taken  down,  can  be  packe<l  away  in  a  s^mce  about  3J  by  4  feet, 
and  \'l  or  15  incites  in  tliiekness.  So  it  will  be  seen  that  a 
goinl  many  machines  L-an  he  stored  in  a  comparatively  small 
space. 

^fr.  //funiiiff, — Large  booths  are  not  reqiured  where  these 
rnnehincs  arr'  nsffd,  for  tin.'  reason  that  the  voting  is  done  80 
qiii(!kly  witli  the  nuu-liines  that  the  actual  space  occupied  is  only 
onc-tliini  of  what  the  booths  necessiUite,  and  the  result  is  that 
tin*  macrhincs  can  l)e  i)hiced  where  voting  booths  of  the  present 
svstrni  comM  not  pr)ssi))Iv  ))e  accomnKKlated.  Several  of  these 
iiiaciiinf's  can  be  placed  in  a  small  shop,  whereas  the  present 
bf)oths  an;  so  large  that  not  one  could  Ijc  put  into  a  shop. 
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Mr.  James  B'a}nilion.*—'£he  discussion  by  Mr,  Hugo  raisea 
some  questions  ivhicli  we  shall  attemj)!  to  answer.  The  paper 
would  have  contained  the  information  sought  had  it  not  been 
planned  to  exhibit  a  machine  at  the  meeting. 

"When  assembled  for  use,  as  shown  in  Fig.  468,  the  keyholes 
in  the  top  row  are  almost  5  feet  from  the  floor.  From  top  to 
bottom  the  machine  proper  measures  about  3  feet,  and  across  , 
from  the  tip  of  the  entrance  bar  to  tip  of  the  exit  bar  about 
9  feet.  The  bearing  faces  of  the  standards  are  about  2  feet 
6  inclies  from  the  floor.  The  votometer  (including  standards) 
weighs  about  three  hundred  (300)  pounds,  and  is  stored  in  a  box 
72  inches  long  by  40  inches  high  and  8  inches  thick,  or  may  be 
packetl  in  a  padded  canvas  case  of  less  dimensions.  When  in 
use,  the  votometer  is  placed  across  a  comer  of  the  polling  booth, 
and  a  calculation  based  upon  the  above  data  as  to  dimensions 
will  show  that  the  space  occupied  is  not  excessive.  In  fact,  the 
ordinary  polling  booth  could  house,  during  an  election,  four 
of  these  machines  assembled  for  use,  one  across  each  of  its 
corners. 

With  every  votometer  is  provided  for  its  protection  a  storage 
case.  In  the  interim  between  elections  the  votometer  is  dis- 
mounted from  its  standards,  and  votometer  and  standaixls  are 
locked  away  in  the  storage  case.  As  shown  in  Fig.  4IJ9,  the 
back  of  the  votometer  is  provided  with  a  hinged  cover.  Pro- 
tected in  this  way  tliere  is  no  danger  from  dust,  as  Mr.  Hugo 
apprehends  tliero  may  be.  Indeed,  dust  may  stop  a  clock  or 
a  watch,  but  it  will  not  prevent  you  from  setting  its  hands.  All 
you  do  in  voting  upon  the  votometer  is  to  turn  a  key  and  set  the 
index  fingers  of  the  registers,  and  dust  would  never  prevent  you 
from  doing  this.  The  mechanism  of  the  votometer  is  set  in 
motion  by  po^ver  applied  from  without,  and  it  is  neither  delicate 
nor  complicated,  even  though  it  might  not  stand  the  "sand" 
and  "  rust "'  test  to  which  ordnance  boards  subject  small  arms. 
Moreover,  the  ojierating  parts  are  made  entirely  of  aluminum  or 
sheet  brass.  The  small  apace  taken  up  by  the  storage  case  and 
its  regidar  outline  and  uniform  size  permit  many  to  be  stored  in 
a  moderate  s]Mce  and  insure  them  cheap  and  dry  storage  in 
some  public  building. 

The  danger  of  the  votometer's  l>eing  tampered  with  by  the 

■  Auibor's  closure,  iindpr  the  Bulea. 
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party  in  power  so  as  to  necessitate  "tests"  has  been  mooted. 
Of  course,  the  votometcr  is  a  machine,  and  may  be  intentionally 
and  unlaw'fully  dismantled  and  deranged.     Such  acts  wonld  be 
punished  as  are  other  unlawful  acts,  and  the  same  precautionfl 
would  be  taken  and  the  same  deterrents  would  be  applied  as  in 
the  case  of  other  crimes.     That  the  votometer  does  not  in  itself 
combine  means  for  its  own  protection  argues  nothing.     In  any 
view  it  is  difficult  to  see  how  one  party  could  derange  the  mech- 
anism without  inflicting  injury  upon  itself,  since  the  register! 
could  not  Ix)  assigned  until  all  the  nomination  papers  were  filed. 
And  a  register  can  be  testeil  in  less  than  ten  seconds  by  rotating 
tlie  shaft  of  its  actuating  pinion.     It  seems  to  us  that  the  ease 
with  which  such  tampering  could  be  detected,  if  attempted,  and 
the  readiness  with  which  the  responsibility  could  be  fixed  npon 
the  official  charged  with  the  safe-keeping  of  the  key  to  the  stor- 
age case,  woidd  effectually  prevent  any  attempts  at  deranging 
the  mechanism.     In  Massachusetts  the  machine  is  sealed  by  the 
officials  after  election  and  kept  sealed  for  thirty  days.     Photo- 
gra])hs  of  the  registers  before  and  after  the  election  famish 
indisjmtable  records  of  the  readings. 

The  votometer  costs  ^500.  The  number  of  clerks  needed  is 
not  the  same  under  the  votometer  svstem  as  under  the  Austra- 
lian  ballot  system,  though  !Mr.  Hugo  states  it  is.  "So  clerk  is 
needed  to  deliver  or  to  receive  ballots.  At  Northampton,  Mass., 
the  number  of  clerks  was  reduced  from  six  to  four  in  each  of  the 
seven  wards.  At  8i>  l^er  clerk  jKjr  day  the  saving  in  clerk  hire 
for  one  election  was  s7<).  As  soon  as  machine  voting  passes  the 
experimental  stage,  the  cost  of  printed  ballots  (which  printing  is 
ncHressary  only  as  a  precautionary  measure)  will  be  saved.  At 
a  legislative  hearing  the  city  clerk  of  Northampton,  a  city  of 
seven  voting  precincts  or  waixls,  stated  that  the  saving  to  the 
city  by  the  use  of  the  machines  in  the  three  elections  held  in  the 
year  1900  (one  for  the  adoption  of  a  city  charter)  was  over  $300. 
J^ut  progress  is  not  determined  solely  by  considerations  of  the 
economy  attained  when  economy  is  understood  in  the  narrow 
sense  of  a  cash  gain.  The  benefits  derived  from  good  govem- 
mont  are  worth  ])aying  for,  as  is  also  the  feeling  which 
from  knowing  that  you  are  not  being  cheated  of  them  by 
re])titioiis  mai*kings  deftly  made  by  a  dishonest  election  oflloer 
using  a  ])iece  of  graphite  fixed  under  a  finger  nail. 

The  matter  of  instructing  voters  in  the  use  of  the  yotometer 
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depends,  like  other  instruction,  upon  the  personality  of  tbe  pupil 
^in  this  case  the  voter — as  well  as  upon  tlio  subject  taught  and 
the  system  of  instruction  pursued.  So  long  as  we  admit  to  the 
rights  of  full  citizenship  the  illiterates  of  Europe  dumjHjd  on  our 
shores,  so  long  we  may  exiiect  to  experience  ditficulty  in  intro- 
ducing new  and  better  methods  of  voting.  One  who  knows  no 
more  of  our  government  and  institutions  than  to  state  before  the 
naturalization  court  that  "  Sir  liicha  da  Croka  "  is  President  of 
the  United  States,  is  not  ready  for  the  votometer — or  any  other 
— grade.  But  it  requires  hardihood — and  a  great  deal  of  it — to 
say  that  difficulty  in  expressing  his  choice  on  the  votometer 
would  be  experienced  by  any  voter  intelligent  enough  to  pass 
understandingiy  u|M:)n  the  questions  submitted  at  our  elections. 
Most  men  are  familiar  with  the  use  of  keys  and  the  operation  of 
winding  up  a  clock  before  the  age  of  twentynDue.  In  any  case 
it  is  the  plain  duty  of  every  citizen  to  acquaint  himself  with  the 
method  of  voting  legally  established,  and  thereby  to  |>repare 
timseU  for  the  intelligent  exercise  of  his  rights  of  citizenship. 
Abundant  opportunity  for  such  preparation  would  be  offered  if 
found  necessary. 

Dr.  Thurston  has  sjKiken  of  the  laws  of  the  various  States.  It 
seems  to  us  that  the  fees  prescribes!  for  the  examination  of  ma- 
chines by  the  State  Commissions  (JliiU  to  each  member  fur  each 
examination,  or  nearly  J500  for  an  examination)  might  well  be 
reduced.  We  do  not  contend  that  the  compensation  paid  the 
members  is  tix)  great,  but  that  since  the  State  is  benefited,  it 
should  ]tay  some  of  this  expense  and  thereby  promote  progress 
in  this  art  by  relieving  the  inventor  of  financial  burdens.  A 
modenite  fee  sufficient  in  amount  to  deter  the  submission  of 
frivolous  inventions,  or  the  fi-ecjuent  submission  of  a  defective 
machine,  should  be  exacted,  and  no  more.  This  is  tbe  jwlicy  of 
tbe  Federal  Government  in  regard  to  patents.  Some  of  the 
States,  Massachusetts  among  the  number,  have  found  it  difficult 
to  reconcile  voting  by  mechanism  with  the  i-equireraent  of  their 
State  Gonstitutions  that  the  vote  be  by  wHtten  ballot.  The  word 
"written"  has  been  construed  to  include  "printed."  But  of 
the  seven  justices  comjirising  the  Supreme  (Jourt  of  Massachu- 
setts, to  which  the  legislature  submitted  tbe  question  whether 
the  constitutional  requirement  of  voting  by  writt*m  ballot  wouhl 
be  satisfied  by  voting  by  mechanism,  only  three  answered  un- 
qualifiedly in  the  affirmative.     Three  justices  answered  unquali- 
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flecll y  in  the  negative,  holding  that  the  ballots  cast  mnst  be  such 
as  could  be  actually  rea<l,  handled,  and  counted,  one  by  one. 
Tlie  remaining  justice  held  tliat  while  the  constitutional  pro- 
vision would  l)e  met  by  voting  by  machinery,  yet  the  machine 
must  be  such  as  would  show  the  voter  what  his  vote  was  and 
would  reconl  any  failure  to  register,  or  any  illegal  voting  accom- 
plishetl.  Such  a  machine  could  not  give  the  secrecy  of  the  Aus- 
tralian ballot  system,  but  the  justice  held  that  the  Constitution 
does  not  require  a  secn^t  ballot.  If  a  vote  is  challenged,  secrecy 
is  lost  in  both  tlie  Australian  and  the  votometer  systems.  (The 
opinions  are  set  out  in  full  in  the  appendix  to  this  paper.) 

Since  the  above  luqxjr  was  written,  an  improved  votometer 
has  been  submitted  to  and  approved  by  the  Massachusetts  Com- 
mission. In  this  improved  ty])e  the  card  delivery  for  indepen- 
dent voting  is  replaced  by  two  rolls,  one  of  which  is  spring- 
controlled,  and  by  the  rotation  of  the  other,  from  which  a  web 
of  pai)er  is  unwound,  and  wound  upon  the  spring-controlled 
roll.  By  turning  the  key  in  any  given  section  of  the  indepen- 
dent row  tlie  web  of  paper  is  exposed  in  that  section,  and  by 
mising  the  exit  bar  the  rolls  are  ojwrated  to  wind  up  the  web 
and  ex]X)se  a  fresh  surface.  The  whole  machine  is  simplified, 
and  sections  designed  and  arranged  for  one  kind  of  voting,  as 
for  *'  straight  ticket "  voting,  may,  by  a  slight  change,  be  readily 
adai)te(l  to  a  different  kind  of  voting  to  meet  the  requirements  of 
the  ])articular  election.  This  elasticity  of  construction  greatly 
incre^ises  the  sorviceableness  of  the  votometer. 

The  JJaixlwell  votometer  has  been  used  at  three  elections  held 
in  >Iorthampton,  Mass.,  a  city  of  18,000  inhabitants,  and  a  r^- 
ist ration  of  :3, 100  voters.  The  city  is  divided  into  seven  wards. 
Dr.  Alfred  Peai'ce  Dennis,  Professor  of  History,  Smith  College, 
X()rtliani])t(>n,  describes  these  three  tests  in  an  article  in  "  Pnblic 
Policy,-'  Vol.  IV.,  Xo.  22,  page  820,  Chicago,  June  1,  1901. 
Speaking  of  the  Massachusetts  law,  he  says:  **The  Massachu- 
setts election  law  is  widely  known  throughout  the  country, 
chirlly  becaus(i  it  prescribes  an  alphabetical  arrangement  of  the 
names  of  (■an(li(lat<'s  upon  all  official  ballots.  Obviously,  such 
an  arrangement  ini])os<.'s  u|>on  a  ballot  machine  heavier  require- 
ments than  a  system  which  permits  either  ^straight  ticket'  or 
*  party  column  '  arrano:enient.'' 

R<^1V]-!'in<,^  to  the  exj)edition  with  which  returns  were  made, 
Dr.  J)(Minis  states: 
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"  From  the  standpoint  or  expedition  In  secnring  retoriiB,  the  merits  of  mscfaine 
voting,  as  seen  in  the  following  table,  are  too  obvioaa  to  adnilt  of  discussion  ; 

City  Hlwilon.  ElecilDn,  Cliy  KlecH™, 

Aug.  iX,  IIKW.  Not.  fl.  IflOO.  Bee.  I,  IIKO. 

Total  TOtfl  east 1.325  3,619  3,533 

PropoeitloDB  or  candidates  to  be  Toted  tor  .  3  55  23 
Tarns  at  kef   necessary   for   casting   full 

ballot 2  18  II 

Total  number  of  iodividnal  blanks  past,...  104  8,083  7.130 

Blanks  for  uncontested  officers 0  8.768  3,570 

Average  number  blanks  per  ward  for  each 

turn  of  key 7i  73f  92f 

Average  time  occupied  by  voter  at  machine.  10  sees.  80  sees.  85  seca. 
Capacity  of  machine  for  10-hour  election 

day 3.000  450  1,000 

Time  required  for  official  return  of  entlro 

"  As  will  be  noted  in  the  accompanying  table,  tivo  turns  of  the  key  were  re- 
quired for  a  full  vote  on  the  two  propositions  submitted  to  tbe  people  in  the 
Epocial  election  of  August  lost.  The  returns  from  the  seven  wards  of  the  city 
were  in  tbe  hands  of  the  clt;  clerk  nithin  seven  minntes  after  the  close  of  the 
polls.  In  the  state  election  of  November  6th,  the  ward  results  and  totals  for  presi- 
dential electors  of  the  two  principal  parties  were  in  the  bands  of  the  city  clerk 
-within  seven  minutes  after  the  balloting  had  ceased.  The  official  vote  for  all 
candidates  was  '  In  '  eighteen  minutes  later. 

"As  regards  the  tiuio  element,  another  intereiting  consideration  has  to  do 
with  the  expeditiou  afforded  by  machines  to  the  elector  in  recording  his  choice. 
From  the  Northampton  trials,  it  wbs  evident  that  the  voter  of  average  intelli- 
gence can  indicate  his  choice  on  the  machine  in  leas  time  than  he  would  occapj 
in  the  manual  proi^eps  of  marking  a  paper  ballot.  It  is  to  be  added,  however, 
that,  while  four  or  five  men  could  be  gimultaneously  occupied  in  as  many  sepa- 
rate l)ootbs  in  the  preparation  of  their  ballots,  onl;  one  man  at  •  time  can  be  ad- 
mitted to  a  voting  machine." 

Of  the  capacity  of  tlie  votoraeter,  as  sho\\Ti  by  these  elections, 
the  same  author  writes: 


"In  the  Stat 
ou  admission  t 
of  preference  ( 
electors)  and  ' 
■nent.  the  vote 
fordelilieralioi 


election  of  November  8th,  the  tusk  which  confronted  the  elector 
the  face  of  tbe  machine  was  the  selectiou  of  siTteen  indications 
M  of  a  field  of  64  candidates  [exclusive  of  indiriduat  presidential 
ne  proposition.  Without  the  aid  of  'party  column'  arrange- 
requires  for  intelligent  selection  a  considerable  margin  of  time 


cord  Ills  vi>t«.  and  the  setectinn  wi 
by  the  kiiowicdpe  that  the  voter 
waiting  in  line  ihelr  turn  at  the  i 
vote  WR5  heavy,  the  capacity  of  a 
the  ten  hum 
ling  the   vn 


for  the  average  elector  t< 
irdinarily  made  in  the  nervous  hast«  induced 
1  being  timed  by  a  score  of  men  impatiently 
hiae.  In  wanls  two  and  three,  where  the 
igle  machine  was  overtaxed  at  400  votes  for 
'ed  draught'  methods,  of  course.  a<ld  to  dis;>atch  in  band- 
the  eipense  of  deliberation  of  choice  and  on- 
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doabtedly  inereaM  the  namber  of  individuml  blanks  leeoided.    In  this  eleetkm, 
where  men  were  compelled  to  stand  in  line  from  15  to  45  minatM  in  ordn  to 
secure  an  opportunity  to  vote  in  wards  two  and  three,  a  hemrj  percentage  of 
blanks  were  cast,  the  average  number  of  indiYldual  blanks  per  ward  for  eidi 
turn  of  the  key  running  as  high  as  78f.    As  seen  by  the  table,  the  avenge  nam- 
\yeT  of  blanks  was  lower,  however,  than  in  the  municipal  election  of  December 
4th,  in  which  two  machines  were  employed  in  each  ward  and  congestion  abso- 
lutely prevented.     The  exceedingly  heayy  blank  yoke,  both  at  the  State  and 
municipal  elections,  is  not  to  be  construed  as  yalid  evidence  of  the  diflBcalty  im- 
posed upon  the  voter  by  the  machines.    Three  thousand  seyen  hundred  and  sizty- 
eight  blanks  of  the  total  of  8,088  cast  in  the  state  election  are  chaigeable  to  three 
offices,  for  which  there  were  no  opposition  candidates,  while  in  the  monieipal 
election  more  than  half  the  blanks  are  represented  in  the  vote  on  four  uncon- 
tested offices. 

*'  The  vexatious  delays  experienced  by  the  voter  in  the  second  trial  of  the  ma- 
chines developed  a  robust  and  vigorous  school  of  machine  yoting  critles.  In 
compliance  with  what  the  economists  call  a/eM,  rather  than  a  realp  want,  two 
machines  were  set  up  in  each  of  the  seven  polling  places  in  the  muni^pal  elec- 
tion of  December  4th.  It  was  then  demonstrated  that  the  extra  machine  was 
entirely  superfluous  in  at  least  five  out  of  the  seven  wards. 

"The  capacity  of  a  Bard  well  machine  to  meet  the  demands  of  all  reasonable 
exigencies  was  illustrated  in  a  variety  of  ways,  notably  in  the  ingenious  derices 
employed  to  permit  the  'splitting'  of  an  electoral  ticket,  and  also  in  the  ar- 
rangement by  which  women  who  may  vote  for  members  of  the  school  committee 
are  prevented  from  voting  for  any  other  candidates.  In  the  case  of  the  presi- 
dential electors,  it  transpired  that  but  one  Northampton  oitiaen,  out  of  the  2^619 
who  actually  voted,  desired  to  vote  for  a  combination  of  names  differing  from 
those  found  upon  the  party  tickets.  To  meet  this  exigency  the  yoter,  by  turning 
the  key  in  the  proper  hole,  received  a  card,  which  entitled  him  to  deposit  a  com- 
plete list  of  electors  of  his  own  preparation." 

But  it  is  to  be  remembered  that  one  political  party  being 
responsible  for  the  adoption  of  the  votometer,  the  opposing 
])oIitical  party  felt  in  duty  bound  to  do  everything  in  its  power 
to  prove  voting  by  mechanism  impracticable.  With  this  object 
in  view  its  *' ward-heeler's"  crowded  the  polling  booths  with 
voters  at  a  given  hour.  Without  such  preconcerted  action  there 
would  have  been  no  delay,  no  long  lines  of  waiting  voters. 

On  the  matter  of  recounts  Dr.  Dennis  remarks: 

'*  Tlie  determination  as  to  who  was  legally  elected  mayor  In  the  recent  moni- 
eipal election  in  Woreester,  Mass.,  [in  which  there  was  a  tie  TOte,]  tamed  apon 
the  question  of  tlie  validity  of  Home  three  ballots,  which,  upon  pavdj  teehnleal 
and  formal  grounds,  are  regarded  hx  certain  authoritleB  as"  defective.'  Btteh 
a  source  of  error  is  entirely  eliminated  where  machines  aie  empilojed  to  mark, 
register,  and  count  the  vote's. 

"Of  courso.  thf  factor  of  human  fallibility  enters  the eqvallon  at  tlie mommt 
the  dials  are  examined  and  the  vote  transcribed  to  tally  aheetB  at  the  cileaa  of  the 
poll.     [Dr.  Dennis  forgets  the  art  of  photography.]    In  the  cmm  of  tho  nocat 
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Korthampton  monieip*!  election,  a  aiUy  mmor  gained  currency,  Biiortly  B.fter  the 
official  annotmcement  of  tlio  vote,  that  a  mistake  lind  been  made  by  Ibe  eleiillou 
offlcetB  In  '  leading  off'  the  vote  in  Ward  6.  whicli,  if  correcled,  would  reverse 
the  TMult  of  the  mayoralty  electinn.  A  feverish  demand  nus  made  for  a  ro- 
coant,  and  petltlouB  for  the  parprjKe  baling  been  secured  from  all  the  wards,  a 
recount  of  the  entire  vote  for  mayor  wa;*  ordered.  The  'recount'  atnounted  to 
this  :  The  machiiies  ware  solemnly  unlocked  and.  the  figures  upon  the  registra- 
tion diale  re-ezamined  in  the  presence  nf  a  corpn  of  officials  and  a  cron'd  of  eager 
partisans,  whereupon  11  was  found  that  the  vote  upon  all  the  macbinps  agreed 
exactly  with  the  raenlts  aonouiiced  within  seven  minutes  after  the  close  of  the 
polls  on  election  day." 

The  question  of  economy  is  disposed  of  as  follows: 

"The  chief  argument  heanJ  in  Northampton  against  the  permanent  use  of 
voting  machines  has  been  the argamcnt  of  Guancial  economy.  .  .  .  The  initial 
cost  of  machiues  is  also  a  t^iumbling  block  to  the  taxpayer.  The  so-called  '  Voto- 
meter'  is  placed  on  the  market  at  $500.  The  fourteeu  machines  used  in  the  UeI 
Northampton  election  would,  at  this  rate,  involve  an  outlay  of  J7,000. 

"As  has  been  noted,  however,  nine  machines  are  competent  to  adeqaately 
handle  Northampton's  vote.  As  an  offset  to  the  cost  of  ibe  machines,  it  is  to  be 
remembered  that  machine  vol  ing  does  away  with  the  expense  of  providing  printed 
ballots  and  admits  of  a  very  considerable  reduction  la  the  requited  number  of 
paid  election  officials.  From  tbe  trials  conducted  by  the  city  o(  Northampton, 
it  would  appear  that  machine  voting  has  safely  passed  the  experimental  stage, 
and  that,  as  a  natnral  and  Irijrical  development  of  American  election  methods,  it 
is  destined,  in  time,  to  supcrsfde  the  paper  ballot  syaiera  now  in  vogue." 
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THE  AMERICAN  SOCIETY    OF  MECHANICAL    ENOI- 

NEERS  IN  EUROPE— 1900. 

BT  IIKN'RT  HARR180X  8UPLKK. 

(Member  of  the  Society  aud  Sccretar}'  of  tlie  Execative  Committee.) 

Ix  view  of  the  fact  tliat  a  number  of  members  of  the  American 
Societj'^  of  Mechanical  Engineers  were  expected  to  visit  Europe 
during  the  summer  of  1900,  several  invitations  were  tendered  by 
European  societies,  and  it  was  at  first  thought  that  a  party  of 
meuibci*s  might  be  formed  to  cross  in  the  same  steamship  in  a 
manner  similar  to  that  wliich  had  been  found  so  successful  in 
1 889.  A  thorough  canvass  of  the  membership,  however,  showed 
tliat  it  was  impracticable  to  arrange  a  date  which  would  be 
acceptable  to  all,  hence  it  was  decidetl  to  allow  the  various  mem- 
bers to  make  their  own  plans  for  crossing,  and  arrange  for  a 
general  gjithering  on  the  other  side. 

The  following  committee  was  appointed  by  the  Council  to 
represent  the  Society  at  the  various  functions  abroad,  and  to 
conduct  the  necessary  organization  of  the  members  who  might 
visit  Euroi)e:  ('harles  K.  Morgan,  President;  Jesse  M.  Smith, 
Vio-Prt'i<It1i')it I  AVilliam  11.  Wiley,  Treasurer;  James  Dredge, 
Honorary  J\Ictnhf'r  j  IF.  II.  Suplee,  Meniber  of  Councily  Mr. 
Siiplee  being  appointed  Secretaiy  of  the  Committee. 

Mr.  Suplce  sailed  in  April,  establishing  his  headquarters  at  the 
oificcs  of  the  iLmfhieerltuj  Magazine^  222-225  Strand,  London, 
the  various  menibei-s  being  instructed  to  report  to  him  upon 
arrival  in  London. 

Invitiitions  had  been  received  from  the  Institution  of  Meohani- 
cid  EnginiM'rs  and  from  the  Institution  of  Civil  Engineers  to 
att(Mid  tluM'r  I'cspcctivt?  conventions  in  London,  and  also  from  the 
Society  (Ics  Ingi'jnieur  C'ivils  lie  France  to  send  delegates  to  at- 
ti^nd  its  meetings  in  Paris. 

Tlu^  Paris  ]noctinors  AV(M*e  the  first  in  ])oint  of  time,  and  the 

=-'  Pntsentftd  nt  the  MiUvnukcc  mooting'  (May,  1901)  of  the  Americftn  Society  of 
Mcchauical  Eiigiiiet^rs,  and  formingr  purt  of  Volume  XXII.  of  the  TtamBacHoHM, 
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Council  Imtl  appointed  as  delegates  the  members  of  the  c      m 
tee  above  named.     Eut  t\i'o  members  of  that  committee 
able  to  attend,  Messrs.  Morgan  and  Suplee,  as  ,  . 

and  "Wiley  had  not  yet  reached  Europe,  and  Mr.  1):  E 

it  impracticable  to  leave  London  at  that  tim(\ 

The  Paris  meetings,  which  took  place  from  June  15th  to  June 
30th,  were  naturally  closely  bound  up  with  the  Exposition,  but 
included  also  numerous  social  and  special  fiuictions.  On  June 
15th  there  was  given  a  brilliant  con/vermziimt  at  the  fine  new 
house  of  the  Societe  in  the  Rue  Blanche,  at  which  the  delegates 
were  formally  received  and  presented  to  the  president,  M.  Canet, 
at  the  sanio  time  renewing  many  pleasant  acquaintances  made 
with  members  of  the  Socifite  who  had  visited  the  United  States 
in  IS'.i.l,  as  well  as  with  the  hosts  of  1889.  On.Tnne  18th  a  musi- 
cal and  literary  soiree  was  given  at  the  house  of  the  Society-,  the 
entertainment  including  instrumental  and  vocal  selections  and 
recitations  by  artists  of  the  Op6ra,  the  Comedie  Fran9aise,  and 
otlier  noted  companies.  This  brilliant  function,  to  which  ladies 
wore  also  invited,  was  especially  notable. 

Numerous  specially  conducted  visits  to  various  sections  of  the 
Exjtosition  were  provided,  and  the  house  of  the  Socifetfe  was 
tin-own  o]ioii  to  tlie  delegates,  and  the  valuable  assistance  of  the 
Kiri-rtiiin'  •i<7iiiiii'intraflf,  M.  Armand  de  Dax,  and  his  staff  placed 
at  tlieir  service  to  enable  various  point  of  interest  in  Paris  and 
at  tlio  Exposition  to  lie  visited  to  atlvantage. 

AriKing  tlie  special  social  functions  of  the  week  must  be  men- 
tioiifd  tin'  reception  given  to  the  visiting  delegates  by  M.  and 
Mmi'.  (';iru't.  on  June  Kith,  at  their  magnificent  residence  in  the 
AveTiiic  lleriii  Alartiii. 

Thii  convention  was  closed  with  a  banquet  at  the  Hotel 
('DTitiiicntal  on  the  evening  of  June  20th,  which  was  largely 
iitti-iid.'d. 

I'rior  til  ilii'  meetings  of  tlio  Institution  of  Mechanical  Engi- 
neers, wliirli  tool;  |j1;ico  Jnno  3Tth  to  29th  inclusive,  plans  were 
(iiadi!  fill'  ;l  general  gatliering  of  the  members  of  the  American 
SiK-icty  ol'  ^Iceliaiiical  Engineers,  a  number  of  whom  had  arrived 
iii  London,  iind  connjmnicated  witli  the  Secretary  of  the  Execa- 

Thn  Srctet;iry  had  already  been  in  I  pi  t  C 

tiiin  with  'Wv.  i:dgiii-  AVorthington,  the        in       y 
tioii  of  ^[<'cl]anical  Engineers,  through 
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Institution  most  kindly  plitcecl  tbt!  hull  in  the  house  of  tho  Insti- 
tution, at  Storey's  Gate,  SSt.  James's  Park,  at  the  disposition  of 
the  committee. 

A  meeting  of  a  numbei"  of  the  nietnhers  of  the  Society,  together 
with  tlie  Executive  Committee,  was  held  at  tho  house  of  the 
Institution  of  Mechanical  Engineers  on  June  35th,  at  which  the 
various  invitations  of  the  Institution  were  annonncetl  aud  the 
necessary  communications  made.  At  all  of  the  meetings  of 
the  Institution  of  Mechanical  Engineers  the  fact  was  emphasiiced 
that  the  members  of  the  American  Society  of  Mechanical  Engi- 
neers were  especial  participants  and  honored  guests.  At  tho 
opening  ceremonies  of  the  convention  prominent  places  were 
reserved  for  tho  Executive  Conimittoe  and  visiting  nierabars, 
and  the  President,  Mr.  Charles  II,  Morgan,  was  called  upon  to 
speak  in  response  to  words  of  greeting  from  Jlr.  E.  Windsor 
Rit'hanls,  who,  in  the  absence  of  Sir  AVilliani  II,  "White,  pre- 
siiled, 

Fi-om  a  technical  point  of  view,  the  most  iuijjortant  visit  of 
these  meetings  ivas  tliat  to  the  works  of  Messrs.  WillianiH  & 
Robinson,  at  Rugby,  on  June  20th.  A  special  train  on  the 
London  and  Xortlnvestern  Railway  carried  the  members  of  the 
two  societies  tn  Rugby,  the  train  delivering  the  party  ilirectly  at 
the  works,  ivhere,  under  the  courteous  and  hospitable  guidance 
of  Mr.  Jlark  Robinson,  Captain  Sankey,  Mr.  Lazenby,  and 
others,  this  fine  works,  admittedly  one  of  the  most  modem  in 
arnnigciiii'iit  in  England,  was  thoroughly  inspected. 

(Itl](^r  jnirtios  were  ma<le  for  boat  trips  up  the  Thames  to 
Staini's,  ami  down  the  river  to  the  docks,  and  all  the  visitors 
expressed  themselves  most  highly  appreciative  of  the  privileges 
which  h;id  bt'cn  offered  them. 

On  tho  evening  of  Wednesday,  June  27th,  occurred  tho  ban- 
(juet  at  the  Hotel  Cecil,  upon  which  occasion  the  American 
visitors  were  highly  lionoreil.  Mr,  E.  Windsor  Richanls  ably 
(ilifil  the  chair,  sn]i])orted  on  the  right  by  the  American  Amhas- 
s;nlor,  lloh.  ■rosf'[)]i  II.  Clioate,  and  on  the  left  by  the  Right 
llniL  I.nirl  Alvorstone,  Master  of  the  Rolls,  by  whose  side  was 
|)Iii<'.'il  ^[i'.  (Ii;irlt's  Tl.  Morgan,  President  of  the  American 
^[K'ic'iy  of  MfcJianic-al  Engineers,  other  members  of  the  Exeou- 
tivi'  fVjiiiiiiictw  and  of  the  Society  being  similarly  placed  by  the 
wide  (if  distinirnishwi  I'ritish  hosts.  The  occasion  was  a  mem- 
onilili^   out;   in    many   ways,    and   undoubtedly  served   to  unite 
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more  closely  than  ever  the  professional  ami  personal  ties  existing 
between  tlie  two  societies. 

Too  much  cannot  be  said  of  the  manner  in  which  the  Secre- 
tary of  the  Institution  of  ilechanical  I'ngineers,  Mr.  Edgar 
Wortliington,  exerted  liiniself  to  render  all  the  events  most 
enjoyable  and  agreeable  to  the  American  visitors,  and  in  this  he 
was  most  ably  seconded  by  the  members  of  the  Reception  Com- 
mittee, Leaded  by  Mr.  "William  M.  Man-,  its  chainnan,  since 
elected  President  of  the  Institution,  and  by  many  individual 
members  of  tlie  Institution. 

The  meetings  of  the  Institution  of  Civil  Engineers  took  place 
from  July  2d  to  July  6th  inclusive,  and  ]»rior  to  that  date  the 
Secretary  of  the  E.xecutive  Committee  had  been  in  communica- 
tion with  the  Secretary  of  the  Institution,  Dr.  J,  11.  T.  Tuds- 
bery,  whose  courteous  services  are  most  gratefully  acknowl- 
edged. Invitations  for  all  the  functions  of  the  convention  were 
placed  in  the  han<ls  of  the  Executive  Committee  with  care  and 
promptness,  and  everj'  possible  facility  afforded  for  their  dis- 
tribution. 

The  o|>ening  meeting  was  held  on  the  afternoon  of  July  2d, 
at  the  lionse  of  the  Institution  in  Great  fJeorge  Street,  AVest- 
iiiinster,  where  the  American  visitors  were  greeted  by  an  address 
of  welcome  by  the  President,  Sir  Douglas  Fox,  At  this  meet- 
ing, not  only  members  of  the  American  Society  of  Mechanical 
Engiueei-s  were  present,  but  also  members  of  the  American 
Society  of  Civil  Engineers,  the  American  Institute  of  Mining 
Engineers,  and  the  American  Institute  of  Electrical  Engineers. 

Sir  Douglas  Fox  said,  in  part: 

-'  TliU  lostitulion  is  the  liomc  of  the  Parent  Societj  of  British  Engine^rB.  It 
is  [iv^iMopnlltan  in  lliiH  sense,  lliut  it  includes  ever^  class  of  Civiliaa  Engineer, 
mill  tlmt  is  the  meaning  from  our  paint  of  view  of  the  words  'Civil  Engineer.' 
Now,  tlm  great  ndvanlage  of  that  for  jou  and  for  \\s  on  tbo  Coanuil  of  tWs  Iii- 
Ktituiioii  U,  Iliut  I  liBvi'  tills  afternoon  tbe  honor  of  licrng  supported  on  this 
plntrcmii  l)v  rtprcsentutives  not  only  of  my  own  Council,  but  of  that  of  tlie 
Meeliiiniciil  Kiigiiii'ers  who  linve  been  your  kind  bof^ts  during  tbe  last  week,  of 
tlie  EliTliieiil  KiigineerK,  of  tbe  Naval  ArcUitects.  and  of  the  Iron  and  Steel  In- 
stituli'.  I  hiive  onlv  pot  to  mention  thusa  names  to  yiiu  to  show  yon  that  on 
tills  oiTHsiou  I  rf  prenenl  a  vary  great  force,  not  only  in  ibis  country,  but  through- 
oiil  the  \>c>rlil.  Tliei-e  iirt.-  men  btru  who  have  made  their  mark,  b«  there  are  men 
on  llii'  oilier  Milv,  fiii'iii(;  me,  whs  bave  made  a  very  great  mark  ujxin  tbe  world  ; 
;iiiil  it  is  ir"'"l  f'T  IIS  to  rimie  and  see  one  another  face  to  face  on  an  occasion  like 
ibis.  Tliiii,  nil  till-  ..ihcr  hand,  liecauae  we  are  cosmopolitan,  wp  have  lippn  nble 
to  txltnil  iiur  iu\  (lutioL)  not  merely  to  the  Bodety  of  Civil  Engineers  uf  America, 
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of  which  some  of  us  are  very  proud  to  he  members,  but  also  to  members  of  the 
other  engineering  societies,  the  Mechanical  Engineers,  the  Mining  Engineers,  the 
Electrical  Engineers,  and  the  Naval  Architects  of  the  United  States,  and  we  hope 
that  all  those  bodies  are  more  or  less  represented  amongst  us  this  afternoon." 

Kesponses  were  made  by  Col.  H.  S.  Haines,  member  of  the 
Council  of  the  American  Society  of  Mechanical  Engineers,  and 
by  Mr.  Jesse  M.  Smith,  Yice-President  of  the  American  Society 
of  Mechanical  Engineers,  after  Avhich  a  general  conversazione 
followed. 

On  the  following  day  occurred  the  most  notable  event  of  the 
convention,  a  trip  to  ^^indsor  Castle,  where  by  special  permis- 
sion of  her  late  Majesty  Queen  Victoria  the  private  apartments 
of  the  Royal  residence  were  thrown  open  to  the  visitors,  after 
which  a  luncheon  was  served  in  the  conservatorv,  the  Institution 
of  Civil  Engineers  and  its  American  guests  being  the  guests  of 
the  Queen. 

The  party  was  then  gathered  on  the  lawn,  to  be  received  by 
Her  Majesty,  who  drove  before  them,  and  caused  to  be  pre- 
sented to  her  b}^  Sir  Douglas  Fox,  the  President  of  the  Institu- 
tion of  Civil  Engineers,  Mr.  John  J.  Wallace,  President  of  the 
American  Society  of  Civil  Engineers,  and  Mrs.  Wallace;  Mr. 
Charles  11.  ^for^an,  President  of  the  American  Society  of 
Mechanical  Engineers,  and  Mrs.  Morgan;  and  Mr.  Charles 
Ilawksley,  of  the  Institution  of  Civil  Engineers,  and  Mrs. 
Ilawksley.  The  (^ueen  spoke  a  few  words  of  welcome,  saying: 
''  I  am  xevy  <^la(l  to  see  you  here,  and  that  you  have  had  such 
a  l)eautiful  day,''  and  then  drove  slowly  down  the  line,  bowing 
a  greeting  to  the  entire  jxirty. 

The  Fourth  of  July  was  left  Avithout  special  assignment,  in 
order  tliat  tlie  Americans  might  celebrate  their  national  holiday 
according  to  their  own  plans,  and  many  most  enjoyable  reunions 
took  ])lace  during  the  day  and  evening. 

On  the  evening  of  July  5tli  occurred  the  reception  by  the 
I^^esident  and  (Council  of  tlie  Institution  of  Civil  Engineers,  at 
tlie  Guildliall,  ^v]lere  a  large  attendance  of  ladies  and  gentlemen 
made  tlu*  occasion  memorable. 

On  Julv  <)tli  ilicre  Avas  an  excursion  to  Warwick  and  to  Strat- 
ford-on-Avon,  a  s])ecial  train  taking  the  party  first  to  Warwick, 
where  tliev  were  AV(4conied  bv  the  Earl  and  Countess  of  War- 
wick  at  the  Cast](\  and  by  them  shown  through  the  stately 
buildings  so  rich  in    historical   reminiscences  and  relics,   after 
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which  the  whole  party  was  entertained  at  hinclieon  in  a  large 
marquee  which  had  been  set  up  for  the  purpose,  in  Warwick 
Park.     A  hurried  run  to  Stratford  followed,  and  after  doing 

homage  at  the  tomb  of  Shakespeare,  the  visitors  were  brought 
back  in  their  special  train  to  London,  Itidding  their  hosts  fare- 
iveU  ujion  the  platfonn  at  Paddington  Station. 

-Vt  the  preliminary  meeting,  IicUi  in  the  hall  of  the  Institution 
of  Mechanical  Engimx^rs  on  Jnne  2.jth,  an  invitation  was  ex- 
tended to  the  Araei'irnd  vi^iturs  hy  Messrs.  Ludwig  Loewe  & 
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Co.,  through  their  London  representative,  Mr.  II.  F.  L.  Orcutt, 
member  of  the  American  Society  of  Mechanical  Engineers,  to 
visit  Perlin  as  the  guests  of  the  cnni|>any.  A  number  of  the 
members  accepted  this  most  hospitable  invitation,  and  although 
it  was  impossible  for  the  Secretary  of  the  Executive  Committee 
to  be  among  the  number,  ho  has  heard  most  glowing  acconnte 
of  the  trip  and  the  entertainments  from  those  who  were  so  for- 
tunate as  to  be  present. 

It  would  be  invidious  to  moke  any  comparison  between  the 
occasions  of  1900  and  those  of  18S!).  The  writer,  who  had  the 
great  privilege  of  being  ]>resent  and  active  on  both  occasions, 
feels  that  they  were  so  entirely  different  as  to  render  compari- 


THE  AHEEUCAN  SOCIETY  OF  HEOBANIOAL  ENGINEERS  IN  EUROPE.      1143 


Bona  impossible.  In  1SS9  the  formation  of  a  complete  pai.'ty  in 
America,  crossing  on  a  special  steamer  and  effecting  a  coherent 
organization  on  shipboard,  gave  a  unity  to  the  affair  which  no 
independent  system  could  produce. 

At  the  same  time  the  meetings  of  1900  included  events  which 
were  unique  in  themselves.  The  day  at  Windsor,  with  the 
reception  by  Queen  Victoria,  was,  socially  speaking,  above  any- 
thing occurring  in  18S9,  while  the  active  entrance  of  American 
competition  into  European  engineering  industries  gave  a  new 
meaning  to  all  that  was  seen  and  heard.  Both  occasions  were 
memorable;  both  will  long  be  remembered  by  those  who  were  so 
fortunate  as  to  participate  in  them;  while  for  those  who,  like 
the  writer,  had  the  rare  privilege  of  participating  in  the  detailed 
work  of  entertainment  with  our  British  and  French  hosts,  the 
deep  and  lasting  friendships  created  by  the  events  can  only  be 
hinted  at,  as  being  bej'ond  mere  verbal  expression. 

The  following  list  of  members  of  the  American  Society  of 
Mechanical  Engineers  participating  in  the  Euro[>ean  events  of 
1900  does  not  profess  to  be  complete,  owing  to  the  neglect 
of  some  to  register  at  the  office  of  the  Secretary  of  the  Execu- 
tive Committee.  Every  attempt  has  been  made  to  complete  it, 
and  under  the  circuuistances  it  may  be  considered  as  reasonably 
correct  and  full. 


Almond,  T.  R, 

Greenwood,  P.  F. 

Reed,  W.  E. 

Archer,  E.  R. 

Haines,  H.  S. 

Bobiueon,  A.  W. 

Baker,  C.  W. 

ilaywMd,  H,  a. 

BanctoD,  E.  E. 

Barniib)-,  C.  W. 

Henning.  Q.  C. 

Braine,  B.  G. 

Honiss,  Vf.  H. 

Smith,  Jease  M. 

BreckenridpR.  L.  P. 

Howe,  H.  M. 

SmitU,  Oliertin. 

Brown.  A.  T. 

nam,  E.  W. 

Spangler,  H.  "W. 

Bulkrd.  E.  P. 

Huiiter,  0.  E. 

Stiles,  N.  C. 

farroil,  L.  D. 

Jones.  W. 

Suplee,  H.  U. 

Colliy,  A.  L, 

Knvrftd&.  Oompei. 

Swnsey,  A. 

Cooke,  n. 

Loaa,  H,  V, 

Thomas,  C.  W. 

Dickie.  G.  W, 

Low,  F.  R. 

Tliomson,  J. 

Liuran,  W.  B. 

HelTia,  D.  N. 

Ward,  C. 

Dredge,  J. 

Miller,  F.  J. 

Wol«t«r,  W,  R. 

FiBLer.  C. 

Miller,  B. 

WLeeler,  II.  B. 

Flad,  E. 

Norbom.  J.  0. 

WheelDok,  J. 

Fr.'cliind,  F.  T. 

Pnrka,  E.  H. 

Wilej.  W.  H. 

a.>B3,  E.  0. 

Parsons,  H.  diiB, 

Wood,  K. 

Upon  the  reunion  of  the  Executive  Committee  in  the  autumn 
in  America  it  was  decided  to  recommend  to  the  Council  that 
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illuminated  testimonials  be  drawn  up  and  execnted  for  trans- 
mission abroad.  The  Council  approved  this  leoommendation, 
and  directed  the  Executive  Committee  to  prepare  soitahle  reso- 
lutions and  have  these  transmitted  to  the  Institation  of  Civil 
Engineers,  London;  the  Institution  of  Mechanical  Engineers, 
London;  La  Society  des  Ing6nieurs  Civils  de  Franoe,  Paris; 
Messrs.  Ludwig  Loewe  &  Co.,  Berlin. 

This  was  done,  and  reproductions  of  the  illuminated  testi- 
monials are  given  herewith. 

These  have  been  most  heartily  acknowledged  and  given  con- 
spicuous places  in  the  houses  of  the  various  societies. 


UEMB&B6  DECEASED   DUBQIQ  THE  YE&B. 


MEMORIAL  NOTICES   OF  MEMBERS  DECEASED  DUR- 
ING   THE  YEAR. 

GBORQE  H.  NORMAN. 

Mr.  George  H.  Ifonnan'B  name  appears  on  the  list  of  life 
members  of  the  Society  issued  in  its  first  catalogue  in  September 
1880.  lie  was  bom  in  Newport,  E.  I.,  in  1827,  and  achieved 
his  notable  success  without  the  advantages  of  special  training 
for  professional  work  which  have  come  within  the  reach  of  the 
younger  practitioners.  He  was  first  interested  in  journalistic 
work,  but  abandoned  this  pursuit  to  undertake  gas-works  con- 
Btruction.  These  were  generally  built  for  private  owners,  Mr. 
Norman  receiving  his  compensation  in  profitable  investments  in 
the  companies  themselves.  From  this  the  step  was  easy  to  a 
similar  investment  in  water-works  companies,  of  many  of  which 
he  was  a  dominating  force.  His  methods  of  financiering  were 
later  extensively  followed  by  other  contraetora,  but  in  New 
England  especially  Mr.  Norman  became  a  controlling  personal- 
ity in  this  particular  field.  His  keen  judgment  as  to  the  prob- 
able future  growth  of  the  community,  and  his  foresight  in  pur- 
chase of  available  sources  of  water-supply  made  his  companies 
profitable,  and  were  the  basis  of  his  considerable  fortune.  He 
was  for  many  years  a  member  of  the  American  Society  of  Civil 
Engineers,  and  created  the  fund  for  the  conferring  of  the  Nor- 
man Medal  in  that  Society.  He  died  at  Palm  Beach,  Fla.,  on 
February  4,  I'JOO. 

FRED  W.    WOOD. 

Mr.  "Wood's  life  was  one  of  those  which  illustrate  forcibly  the 
possibilities  which  are  open  to  him  who  determines  to  succeed. 
spite  of  all  obstacles,  and  lives  up  to  his  determination.  He  was 
born  April  28,  1353,  in  Prairie  du  Chien,  Wis.,  his  father  being 
Dr.  E.  P.  Wood,  who  was  colonel  of  the  Seventeenth  Illinois 
Kegiment  during  the  Civil  War.  At  the  conclusion  of  the  war 
the  family  moved  to  Kansas  Citv,  where  the  son  entered  the 
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higli  school,  from  which  lie  was  graduated,  and  whence  he  went 
to  tlie  rniversity  of  Michigan.  Before  completing  his  course  at 
the  University,  he  left  and  took  up  field  work  in  civil  engineer- 
ing and  surveying,  working  on  the  Chicago  and  Northwestern 
and  the  Ivansas  City  and  Memphis  railroads,  and  in  the  office  of 
the  City  Engineer  at  Kansas  City.  In  1874  he  went  to  Los 
Angeles,  engaging  in  editorial  work,  and  also  forming  a  connec- 
tion with  Mr.  Prudent  Beaudry,  which  led  in  later  years  to  his 
selection  as  executor  and  manager  of  the  great  Beaudry  estates. 

Mr.  Wood  was  connected  at  various  times  with  the  Lake  Vine- 
yard Land  and  Water  Company,  the  Abstract  Title  Insurance 
Company,  and  the  San  Gabriel  Winery  in  important  positions. 

While  managing  the  Beaudry  property  he  handled  the  affairs 
of  the  Temple  Street  Cable  Bail  way,  and  w^as  led  to  make  a  care- 
ful study  of  street  niilroad  problems  and  running.  His  success 
was  so  marked  that  in  1805  he  was  offered  the  position  of  Man- 
ager of  the  Los  Angeles  Eailway  Company,  which  he  accepted 
and  held  during  the  remainder  of  his  life. 

Mr.  Wood  was  a  man  who  gained  and  kept  the  respect  and 
friendship  of  his  w^orkmen,  his  associates,  and  his  employers, 
lie  was  prominent  in  the  business  and  social  life  of  Los  Angdes, 
and  was  a  member  of  many  societies  of  a  social  nature^  and  of 
the  American  Society  of  Civil  Engineers,  as  well  as  of  this 
Society,  which  he  joined  in  May,  1892.  Although  for  many 
years  gradually  failing  from  consumption,  he  kept  manfully  to 
his  work,  preferring  to  die  in  the  harness  rather  than  to  prolong 
his  life  in  idleness,  until  the  end  came  on  May  19,  1900. 

LOUIS  IRVIXG  SEYMOUR. 

The  South  African  War  has  not  only  brought  sorrow  to  the 
homes  of  England,  but  has  struck  down  as  well  many  of  the  best 
of  America's  sons,  among  whom  is  Major  Seymour.  Bom  at 
Whitney  Point,  X.  Y.,  on  December  23,  1860,  he  received  his 
education  in  the  village  schools,  and  when  seventeen  years  old 
l>egan  work  in  the  machine  shop  of  John  Cotter  at  Norwalk, 
where  he  remained  for  three  vears.  He  intended  to  enter  the 
navv,  and  ])asse(l  the  examinations  for  Annapolis^  but  found  that 
his  age  was  a  f(nv  weeks  above  the  limit,  and  was  forced  to  relin- 
quish his  liopc  of  a  seafaring  life.  From  1881  to  1884  he  worked 
for  tho  Lackawanna  Iron  and  Coal  Company,  and  then  went  to 
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Venezuela  to  erect  a  mill  engine  at  the  El  Oallao  Gold  Mine,  for 
the  Dickson  Manufacturing  Company.  From  this  time  on  his 
life  was  largely  devoted  to  mining  development  and  manage- 
ment. He  remained  at  El  Callao  Mine  as  mechanical  engineer 
until  1S86,  when  he  retarnefl  to  this  country  and  married  Miss 
Kate  Perry,  of  "Whitney  Point,  who  survives  him.  For  a  time 
he  was  with  the  ^Taahington  Cotton  Milh,  and  afterwards  with 
the  Plymouth  Cordage  Company;  but  his  interest  was  in  min- 
ing, and  in  1890  he  went  to  Kimberley,  South  Africa,  as  chief 
mechanical  engineer  for  the  De  Beers  Consolidated  Mines.  In 
1893,  while  still  retaining  his  connection  with  the  De  Beers 
Company,  he  went  to  England  and  took  charge  of  the  works  of 
Fraser  &  Chalmers,  Limited,  at  Erith,  to  superintend  the  con- 
struction of  machinery  for  the  Transvaal  and  Cape  Colony 
Mines,  a  work  which  lasted  until  1896,  when  he  returned  to 
South  Africa,  locating  at  Johanneslmrg  as  mechanical  engineer 
to  H.  Eckstein  &  Co.  and  the  Rand  mines,  lltsre  he  became, 
by  reason  of  his  ability  and  fidelity,  the  most  trusted  adviser  of 
the  companies  on  all  mining  and  mechanical  matters,  as  well  as 
on  the  administrative  and  executive  side.  The  results  of  his 
work  are  seen  in  the  well-adapted  plans  and  arrangement  of  all 
the  Johannesburg  mines. 

After  the  breaking  out  of  the  war  he  proposed  the  organiza- 
tion of  the  "Railway  Pioneer  Regiment,"  to  assist  the  Royal 
Engineers  in  repairing  damage  done  to  bridges  and  railways, 
and  it  was  largely  through  liis  efforts  that  the  organization  was 
effected.  "While  serving  with  this  regiment,  of  which  he  was 
second  in  command,  he  was  killed  at  the  Zand  River,  Orange 
River  Colony,  on  June  14,  1900.  In  memory  of  his  service  to 
the  mining  industry,  the  "  Seymour  Technical  Library  "  is  being 
established  by  his  friends,  wlio  feel  that  such  a  memorial  is  an 
ai)propriate  one  for  a  man  who,  though  originating  many  new 
devices,  always  wished  to  allow  others  to  use  thera. 

He  became  a  member  of  the  Society  in  May, 


WINTHHOP   THATER. 

Mr.  Thayer  was  born  in  Boston,  November  23,  1863,  and  waa 
one  of  a  family  of  seven  children  of  Mr.  Charles  F.  Thayer,  who 
waa  also  born  in  Boston.  Mr,  Winthrop  Thayer  entered  the 
public  schools  of  that  city,  and  remained  in  them  nntil  abont 
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nineteen  years  of  age,  when  he  entered  the  employ  of  Upham, 
Tucker  &  Co.,  in  the  dry  goods  commission  business.  He 
remained  with  this  firm  for  a  period  of  two  years,  when  he  left 
it  and  entered  the  mechanical  field,  in  which  he  was  always  very 
much  interested,  taking  a  position  with  the  Babcock  &  Wilcox 
Company  in  their  Boston  office.  He  remained  with  them  for 
five  years,  during  which  time  he  secured  a  very  extensive  knowl- 
edge of  mechanical  and  engineering  subjects  through  persistent 
and  untiring  efforts  and  study.  He  then  entered  the  employ  of 
the  Wainwright  Manufacturing  Company,  to  take  a  position  as 
assistant  superintendent  at  their  works  in  Medford,  Mass.  He 
remained  at  these  works  for  about  two  years,  when  he  reentered 
the  employ  of  the  Babcock  &  Wilcox  Company,  this  time  taking 
the  position  of  general  manager  of  their  New  England  business, 
with  office  in  Boston.  He  remained  in  this  position  up  to  July  1, 
1895,  when  he  started  the  concern  of  Thayer  &  Company,  Incor- 
porated, who  embarked  with  the  Aultman  &  Taylor  Machinery 
Company,  of  Mansfield,  O.,  in  the  manufacture  and  sale  of  hori- 
zontal and  vertical  water-tube  boilers. 

Mr.  Thayer  was  President  of  Thayer  &  Company,  Incorpo- 
rated, at  the  time  of  his  decease,  which  occurred  in  Boston  on 
July  18,  1900,  as  the  sequel  of  a  series  of  illnesses  and  accom- 
panying complications  which  started  in  January  in  the  City  of 
Mexico,  to  which  place  he  had  gone  upon  a  pleasure  trip.  He 
had  a  remarkably  wide  acquaintance,  particularly  in  Boston, 
and  was  a  member  of  many  of  the  social  organizations  there, 
among  them  being  the  Algonquin  Club,  Exchange  Club,  Boston 
Athletic  Club,  Newton  Club,  and  New  England  Cotton  Manu- 
facturers' Association;  he  was  also  a  quite  prominent  yachtsman, 
being  Vice-Commodore  of  the  Hull  (Mass.)  Yacht  Club. 

JAMES  HEMPHILL. 

Mr.  Hemphill  was  bom  July  22,  1827,  at  Mechanicsburg,  Pa. 
He  served  an  apprenticeship  at  the  forge,  and  in  1850  entered 
the  employ  of  the  Pittsburg  Waterworks,  staying  with  them 
until  he  had  risen  to  be  their  engineer.  After  trying  several 
branches  of  mechanical  industry,  he  became  associated,  in  1859, 
with  H.  P.  Hart  and  the  late  W.  S.  Mcintosh  in  the  man- 
agement of  a  shop  which  gradually  grew  into  the  Fort  Pitt 
Foundry. 
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Mr.  Hemphill  was  among  the  early  advocates  of  the  successful 
reversing  blooming-mill  for  steel  working,  Manj'  mills  had 
previously  failed  because  of  lack  of  mass  and  strength;  the  ones 
which  he  built  and  installed  at  the  Pittsburg  Bessemer — after- 
wards the  Homestead — Works  of  the  Carnegie  Steel  Company 
succeeded,  and  were  the  models  for  all  later  mills.  The  success 
and  fairness  of  his  management  are  shown  by  the  fact  that  his 
establishment,  in  its  long  career,  never  had  a  strike  or  serious 
difficulty  with  the  workmen. 

He  joined  tlie  Society  in  May,  1884,  i.  -d  was  also  a  member 
of  the  Institute  of  Mining  Engineers.     He  died  August  7,  1900. 

JOHN   F    ALLEN. 

Mr,  Allen  was  bom  in  England  in  1829.  When  a  boy  of 
twelve  years  he  was  brought  to  this  country,  and  presumably 
went  into  the  machiue  and  engine  business,  as  we  find  him  in  an 
engine-room  in  New  York  in  1S60,  where  he  had  been  recom- 
mended  by  Messrs.  Thurston  Gardner  &  Co.  as  the  best  engineer 
whom  they  knew  to  remedy  some  trouble  that  had  been  found 
with  one  of  their  engines.  During  that  year  he  met  Mr.  Charles 
T.  Porter,  and  explainetl  to  him  the  me<'hanisra  of  a  valve  motion 
which  he  bad  invented  while  running  the  engines  on  the  "  Cur- 
lew," and  which  was  designed  to  overcome  the  difficulties  of  the 
Corliss  motion.  Mr.  Porter  took  up  the  matter  and  combined 
the  valve  with  the  Porter  governor,  tlius  enabling  the  running 
of  engines  at  high  speeds  and  with  good  economy.  Until  1873 
Mr.  Allen  was  associated  with  Mr.  Porter  in  the  engine  busi- 
ness, and  also  invented  an  inclined  tube  vertical  ivater-tube 
boiler,  which  was  very  successful.  After  that  time  ho  devoted 
himself  to  the  manufacture  of  air  compressors  and  of  pneumatic 
riveters,  doing  a  small  business  in  Hew  York  City  until  the  time 
of  bis  death  on  October  2,  1900,  He  was  a  charter  member  of 
the  Society. 

JAMES    II.  BOWDEN. 

From  the  coal  region  of  Cornwall,  England,  at  Penzance, 
where  he  was  born  in  184C,  Mr,  Bowden  was  brought  to  the 
coal  region  of  Pennsylvania  at  Tamaqua,  when  he  was  but  a 
child,  and  the  coal-mining  industry  became  the  interest  of  his 
life.     He  was  apprenticed  to  Carter  &  Allen  at  the  machinist's 
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trade,  afterwards  going  to  Philadelphia,  where  he  attended  a 
technical  school  and  worked  in  shoi)s  in  the  city.  In  1869  he 
went  to  AVilkesbarre  as  superintendent  of  the  Wyoming  Valley 
Slio]>s,  in  which  work  he  remaine<l  until  the  formation  of  the 
firm  of  St<?arns  &  Howden  for  general  engineering  practice  in 
1S72.  This  firm  was  not  long-lived,  since  in  1873  Mr.  Bowden 
accopto<l  a  ]X)sition  as  chief  engineer  of  the  Susquehanna  Coal 
Company,  a  position  which  he  later  took  for  all  the  coal  com- 
panies of  the  Pennsylvania  Railroad.  This  position  he  held  at 
the  time  of  his  death,  as  well  as  that  of  borough  engineer  of 
Xanticoko,  the  latter  having  l^een  held  since  the  incorporation 
of  the  citv. 

^Ir.  Bowden  held  several  patents,  the  most  notable  being  one 
for  the  Bowden  self-oiling  car-wheel,  now  extensively  used  in 
the  coal  regions.  Shortly  before  his  death  he  finished  a  history 
of  the  coal  mining  industry  from  the  first  shipments  to  the  year 
1900,  which  history  will  be  published  in  the  history  of  the  Penn- 
sylvania Eailroad.  He  was  a  man  whom  it  was  good  to  meet, 
and  enjoyed  s]X)rt  as  well  as  labor.  A  wife  and  three  children 
sursuve  his  death,  which  took  place  from  internal  trouble  on 
Koveml)er  IG,  1900.  He  has  been  a  member  of  the  Society  since 
November,  1891,  as  well  as  of  the  Institute  of  Mining  Engineers. 

CHARLES    A.   DIXON. 

Mr.  Dixon  was  born  in  Xewburgh,  N.  T.,  March  8,  1856. 
He  began  his  education  in  the  schools  of  that  place,  but  upon 
the  death  of  his  father,  when  he  was  still  young,  which  event 
left  him  alone  with  his  mother,  he  changed  the  schoolroom  for 
tlie  sho]),  entering  tlie  employ  of  Whitehill,  Wood  &  Co.,  at 
fifteen  y(»ars  of  a^i^e,  as  an  apprentice.  After  finishing  his  ap- 
prentic(?ship  as  a  ])attern  maker,  he  piEissed  through  the  machine 
shop  to  tho  (Iraughting-room,  and  took  up  the  study  of  engi- 
neering under  !Mr.  Edgar  Ponnoy,  one  of  the  Society's  memben, 
wIjo  was  at  that  time  superintendent  for  the  company.  Mr. 
Dixon  advanced  so  ra])i(lly  that  when  Mr.  Penney  resigned  in 
lS7^s  ho  su(H:c'f*(led  to  the  ]>osition  of  superintendent,  which  posi- 
tion lio  held  until  1S9:2,  when  he  became  associated  with  the 
Ili^t^n'nson  Plaster  Works.  He  spent  the  greater  part  of  the 
next  year  in  IVanco  in  tlie  interests  of  this  company,  but  left 
tlu^iii  in  1^9o  to  establish,  in  company  with  Messrs.  Gkudner  Yan 
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Ostrom  and  Homer  Eamsdell,  the  Dixon  Steam  Engine  Works 
for  the  manufacture  of  Corliss  engines  and  general  machinery. 
This  firm  did  a  large  business,  installing  among  other  large 
plants  the  engines  and  piping  in  the  power  house  of  the  Stein- 
way  Railroad  Company  at  Astoria,  L.  I.  On  the  death  of  Mr. 
Van  Ostrom,  in  1894,  the  business  was  closed,  but  in  1895  it 
was  reorganized  and  combined  with  the  Wright  Steam  Engine 
Works  to  manufacture  both  Wright  and  Dixon-Corliss  engines. 
Mr.  Dixon  was  superintendent  and  general  manager  of  the  com- 
bined companies  until  1899,  when  he  resigned  the  position  to 
open  an  office,  in  connection  with  his  son,  &s  consulting  and  con- 
tracting engineer. 

On  December  17,  1900,  he  slipped  on  the  car  track  and  fell, 
breaking  his  elbow  and  receiving  such  a  shock  that  meningitis 
set  in,  resulting  in  his  death  on  December  22d. 

Mr.  Dixon  worked  his  way  up  from  small  beginnings  to  a 
large  degree  of  success.  He  had  been  a  member  of  the  Society 
since  May  21,  1884,  and  was  well  known  among  steam-engine 
builders.  He  was  as  well  an  honorary  member  of  the  Asso- 
ciation of  Stationary  Engineers,  and  a  Mason  of  high  stand- 
ing, being  a  member  of  Mecca  Temple,  No.  1,  of  the  Mystic 
Shrine. 

MELLEN   S.   HARLOW. 

Mellen  S.  Harlow,  late  manager  of  the  New  England  branch 
of  the  IngersoU-Sergeant  Drill  Company  of  New  York,  was 
born  at  East  Hebron,  Me.,  October  17,  1860.  He  received  his 
early  education  in  the  public  schools  of  Maine,  and  taught  school 
before  completing  his  high  school  course  at  Cape  Elizabeth. 
Soon  after  his  graduation  he  entered  Stevens  Institute  of  Tech- 
n()lo<2:y,  which  he  attended  for  about  three  years. 

After  leavin^j:  school  he  worked  on  the  Croton  Aqueduct, 
and  bein<r  interi^sted  in  the  o{)eration  of  the  Ingersoll-Sergcant 
drills,  he  became  a  salesman  for  the  company,  and  ran  the 
drills  lit  many  ])liices,  thus  gaining  a  practical  knowledge  of 
them. 

In  October',  1SS7,  he  opened  a  small  office  in  Boston  for  the 
company,  and  worked  in  Xew  England  as  his  territory  single- 
handed  until  l^l'^),  when  he  represented  his  company  in  South 
Africa.     Uefore  going  to  that  country  ho  applied  for  member- 
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ship  to  the  American  Society  of  Mechanical  Engineers,  and  was 
accepted. 

Ileturning  from  there,  he  again  took  charge  of  the  Boston 
oifice,  which  ])osition  he  held  until  his  death,  of  typhoid  fever, 
which  occurred  at  his  home  in  Maiden,  Mass.,  December  29, 
1900. 

ALEXANDER   HENDERSON. 

Commodore  Alexander  Henderson,  United  States  Navy,  who 
died  at  his  home  in  Yonkers,  X.  Y.,  January  12,  1901,  was  bom 
in  Washington,  D.  C,  on  the  12th  of  July,  1S32.  He  was  the 
son  of  the  late  Col.  Thomas  Henderson,  United  States  Army, 
and  grandson  of  Commodore  Thomas  Truxton,  United  States 
Navy. 

Mr.  Tlendorson  entered  the  navy  as  an  engineer  oflScer,  Feb- 
ruary 26,  1851,  served  through  the  several  grades  with  honor 
and  distinction,  at  sea  and  on  shore,  during  war  and  peace,  and 
Ixjcamo  chief  engineer  in  June,  1801. 

His  first  sea  service  was  on  board  the  steam  frigate  ''  Susque- 
hanna,"  with  Commodore  Perry's  fleet  on  the  coast  of  Japan  in 
1855;  afterwards  he  served  in  various  vessels  on  the  several 
stations,  including  service  with  the  Paraguay  expedition  in  1858, 
and  as  fleet  engineer  at  different  times  of  the  Mediterranean  and 
Asiastic  stations. 

During  the  Civil  War  he  was  continuously  employed,  and  saw 
much  hard  service  with  the  blockading  fleets,  ending  with  his 
duties  on  the  James  Eiver  at  the  siege  of  Petersburg  and  the  fall 
of  liichmond. 

Commodore  Henderson  was  conspicuous  as  the  engineer  mem- 
ber of  the  Xaval  Advisorv  Board  from  1884  to  1888,  which 
Jioaitl  liad  l)CH3n  authorized,  by  act  of  Congress,  to  prepare  plans 
for,  and  supervise  the  l)uilding  of,  the  first  of  the  vessels  for  the 
new  navy.  The  machinery  for  these  vessels  was  designed  by 
Henderson,  and  erected  under  his  inspection  and  direction.  The 
successful  cruises  of  the  "^  Chicago,"  "  Atlanta,"  "  Boston,"  and 
"i)olj)hin-'  since  their  first  appearance  for  active  service  add 
much  to  the  credit  of  this  distinguished  naval  officer  as  a  practi- 
cal constructor  and  mechanical  engineer. 

C-oinnKKlore  Henderson,  having  been  at  the  head  of  his  corps 
for  over  two  years,  reached  the  retiring  age  on  July  12,  18M, 
and  was  then  ])laced  on  the  retired  list  with  the  rank  of  oammo- 
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dore.  Being  at  this  time  in  the  enjoyment  of  excellent  health, 
he  busied  himself  in  establishing  his  sons  in  business  in  New 
York  City,  which  undertaking  was  eminently  successful. 

At  the  declaration  of  war  with  Spain,  in  1898,  Commodore 
Henderson  immediately  volunteered  for  active  duty,  and  was 
ordered  as  fleet  engineer  of  the  auxiliary  navy,  where  he  per- 
formed valuable  service  until  the  close  of  the  war. 

He  was  twice  shipwrecked  and  had  yellow  fever  in  foreign 
ports  three  times,  yet  was  active  and  rugged  until  the  year  pre- 
ceding his  death.  He  was  a  man  of  marked  executive  ability, 
quick  in  decision,  ready  in  resource,  and  with  a  thorough  knowl- 
edge of  his  profession;  and,  since  he  early  gained  high  rank, 
exerted  a  commanding  influence  in  the  Navy  Department  for 
a  long  period.  His  connection  with  the  Society  dates  from 
May  27,  1885. 

Alexander  Henderson  has  been  known,  since  his  youthful  days 
in  the  navy,  throughout  the  service  and  with  friends  connected 
with  the  workings  of  the  Department,  as  Sandie  Henderson, 
a  devoted  husband  and  father,  a  genial  gentleman,  faithful,  dis- 
tinguished, and  a  meritorious  oflBcer,  whose  family  and  host  of 
friends  can  hardly  realize  that  his  place  among  us  on  this  earth 
is  vacant  for  all  time. 

WILLIAM  McMANNIS. 

Mr.  McMannis  was  bom  on  the  15th  day  of  November,  1842, 
in  Westfield,  X.  J.  He  attended  the  high  school  at  Newark, 
N.  J.,  but  left  it  to  enter  the  Rock  Island  Machine  Works, 
where  he  remained  from  1857  to  1861;  he  then  entered  the 
draughting-room  at  the  same  place,  and  remained  until  1863,  when 
he  took  a  position  at  Fortress  Monroe,  Ya.,  in  charge  of  the 
])ower  plant  of  the  post,  and  the  shops  for  the  repair  of  govern- 
ment steamboats  and  like  work.  Here  he  remained  untU  1872. 
Mr.  ilcMannis  then  came  to  New  York  and  was  appointed  chief 
engineer  for  the  New  York  Hotel  and  the  Trinity  Building,  for 
both  of  whicli  he  superintended  the  installation  of  the  elevators 
and  heating  plants,  this  occupation  taking  up  his  time  until 
1S74.  From  1874  to  1888  he  was  in  charge  of  the  Union  Club 
l>uilding  and  of  the  New  York  Academy  of  Music,  installing 
the  heatin<^  and  elevator  plants  in  both  places. 

Ifi  188S  ]\rr.  ]\[cMannis  was  appointed  chief  engineer  to  the 
Board  of  Fducation  of  New  York  City,  which  position  he  held 
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at  tlie  time  of  his  dccatli,  January  19,  1901.  In  this  position  he 
made  all  the  plans  and  specifications  for  heating  and  electric 
lighting  in  the  public  schools  in  2few  York  City,  and  super- 
intended the  construction  of  this  work.  Up  to  the  time  that 
!Mr.  ^fcMiinnis  took  charge  of  this  department  at  the  Board  of 
E<lueation,  the  heating  work  done  in  the  public  school  buildings 
was  of  the  most  primitive  character,  not  extending  beyond  the 
simplest  mctho<l  of  direct  heating,  and  practically  no  attempt 
being  made  to  ventilate  the  schoolrooms. 

^fr.  McMannis,  in  conjunction  with  Mr.  Snyder,  the  Super- 
intendent of  Buildings,  Boanl  of  Education,  at  once  undertook 
to  improve  on  the  old  methods,  and  gradually  and  oontinuouslj 
improved  the  character  of  the  heating  and  ventilating  appsiratus 
introduced  into  the  public  schools.  Proper  ventilating  appa- 
ratus was  a  special  feature  of  all  his  plans,  and  at  the  present 
time  the  public  schools  in  Xew  York  City  are  all  well  heated 
and  well  ventilated,  and  the  credit  for  the  work  done  and  now 
being  done  belongs,  in  a  large  measure,  to  Mr.  McMannk.  He 
deserves  especial  credit,  as  he  was  a  man  who  had  only  a  com- 
mon-school education  and  graduated  from  the  ranks  of  operating 
engineers. 

Mr.  McMannis  joined  the  Society  in  June,  1894. 

EDWAUD  CHARLES  DARLET. 

Mr.  Darley  was  born  at  Tarrytown,  iN".  Y. ,  January  28,  1846^ 
and  was  a  son  of  William  George  Darley  and  Mary  Esther 
Weeks  Darley.  His  education  was  obtained  in  the  schools  of 
Warren,  O.,  and  Pittsburg,  Pa.  Before  his  twentieth  year  he 
was  em])loyed  as  civil  engineer  on  the  New  Castle  and  Beaver 
A^ulley  liailroad,  and  located  at  New  Castle,  Pa.  Prior  to  this 
time,  however,  ho  joined  the  One  Hundredth  Pennsylvania  Vol- 
unteers, and  servetl  in  what  is  known  as  the  '^  Famous  Bound- 
head  Ivogiment.''  In  1SG(»  he  went  to  Brazil,  Ind.,  to  build  a 
blast  furnace,  and  in  1807  to  St.  Louis,  Mo.,  where  he  followed 
his  profession  of  mechanical  engineering  and  building  blast  fur- 
naces until  1SS7,  when  he  was  called  to  Ashland,  Wis.,  to  build 
a  hir^<*  })last  furnace  which  took  him  come  time.  Finishing^ 
there  in  Isss,  he  went  to  Portland,  Ore.,  to  build  a  large  blast 
furnace,  and  in  IssJ)  returned  to  Pittsburg,  Pa.,  where  ho  was 
enii)loyed  witli  J.  P.  Witherow  as  general  superintendent  of 


MEMBERS  DECEASED   DUBING  THE  TBAB.  1155 

blast-furnace  construction  until  1892.  After  this  he  practised 
mechanical  engineering  until  1897,  at  which  time  he,  together 
with  Mr.  S.  C.  Munoz,  became  general  Western  agents  for  the 
Aultman  &  Taylor  Machinery  Company,  of  Mansfield,  O.,  manu- 
facturers of  Cahall  water-tube  boilers.  He  succeeded  to  the  firm 
of  Munoz  &  Darley  in  1900,  Mr.  Munoz  retiring  from  the  firm. 
Between  the  years  of  1866  and  1897  Mr.  Darley  built  a  total  of 
forty-four  blast  furnaces,  steel  plants,  and  rolling  mills.  He 
was  a  member  of  a  number  of  engineering  societies,  and  a  char- 
ter member  of  the  American  Society  of  Mechanical  Engineers. 

Mr.  Parley's  life  has  been  one  of  untiring  activity,  and  his 
efforts  have  been  crowned  with  a  high  degree  of  succes$.  He 
has  travelled  throughout  the  United  States  from  coast  to  coast, 
and  has  a  large  circle  of  friends.  He  was  married  January  12, 
1869,  to  Miss  Mary  Elnora  Watson.  His  widow  and  one  son, 
William  AV.  Darley,  survive  him.  Mr.  Darley  died  in  Chicago,, 
February  16,  1901. 

GEORGE   H.    STARBUCK. 

Mr.  Starbuck  connected  himself  with  the  Society  at  its  Pitts- 
burg meeting  in  1884.  He  had  been  recently  appointed  (1882) 
by  President  Arthur  to  the  position  of  Supervising  Inspector  of 
Steam  Vessels  for  the  Second  District,  extending  from  Philadel- 
phia, Pa.,  to  Portland,  Me.,  with  headquarters  in  New  York 
City,  a  position  whose  duties  he  continued  to  discharge  imtil  pre- 
vented in  January  of  the  current  year  by  the  increasing  disabili- 
ties from  his  state  of  health.  He  passed  away  in  Troy,  N.  Y., 
on  :\riirch  7,  1901. 

lie  Avas  a  grachiate  of  the  Rensselaer  Polytechnic  Institute  of 
Troy,  and  was  for  over  twenty-five  years  a  member  of  the  firm 
of  Starbuck  brothers  in  that  city,  of  which  firm  he  was  the 
junior  of  the  three.  For  many  years  they  did  the  largest  steam 
ongineering-  business  in  the  State  outside  of  Xew  York  City,  in- 
cluding the  manufacture  of  the  Osgood  dipper  dredge,  and  the 
(^nginc^s  of  many  tugs  still  in  operation  on  the  Hudson  River. 
Tlic  Tompkins  Market  ircm  building  in  New  York  is  one  for 
wliich  tlu^v  were  contractors  when  iron  building  was  more  of  an 
untried  fu^d  than  it  has  since  become.  During  the  war  of 
lsr)l-<;r)  liis  lirui  turned  out  large  quantities  of  shot  and  shell. 
Tli(^  firm  as  sucli  met  with  some  peculiar  misfortunes,  and  its 
V)usiness  Avent  to  ruin. 
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He  was  seventy-eight  years  old  at  the  time  of  his  death,  which 
was  the  result  of  a  complication  of  diseases  running  over  several 
years. 

ASHLEY  B.   TOWER. 

Mr.  Tower,  bom  in  Dalton,  Mass.,  in  1847,  b^an  his  profes- 
sional work  at  an  early  age  in  the  office  of  his  brother,  D.  H. 
Tower,  in  Holyoke.  After  eight  years  he,  in  1878,  formed 
a  partnership  with  his  brother,  which  was  continued  imtil  1889, 
the  firm  meantime  building  and  reconstructing  many  mills  of  all 
kinds  throughout  New  England,  designing  fifty-five  mills  for 
Holyoke  alone,  and  being  consulted  in  regard  to  nearly  as  many 
more.  In  1889  Mr.  D.  H.  Tower  retired  from  the  firm,  and  the 
work  was  carried  on  alone  by  Mr.  A.  B.  Tower  until  Mr.  J.  H. 
"Wallace  was  taken  into  partnership.  In  1897  the  offices  were 
removed  to  New  York,  and  the  business  continued  to  grow. 
The  firm  designed  a  number  of  very  large  plants,  among  them 
being  the  one  at  Eumford  Falls,  Me.  In  January,  1891,  Mr. 
Wallace  withdrew  from  the  firm,  and  Mr.  Tower  carried  on  the 
business  until  the  time  of  his  death,  which  occurred  unexpectedly 
at  his  home  in  Montclair,  N.  J.,  on  July  8,  1901.  Mr.  Tower 
was  the  leading  designer  of  paper  mills  in  the  country,  was  for 
many  years  consulting  engineer  of  the  American  Sulphite  Com- 
pany, and  was  a  prominent  civil  engineer.  He  was  a  member  of 
the  American  Society  of  Civil  Engineers,  the  Canadian  Society 
of  Civil  Engineers,  and  of  many  Masonic  lodges  and  societies. 
His  connection  with  the  American  Society  of  Mechanical  Engi- 
neers dates  from  his  coming  to  New  York  in  December,  1897. 
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